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THE PLANE-TABLE 
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TOPOGRAPHICAL SURVEYING. 
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The following description of the plane-table, and notes 
upon its use, in the shape in which it is at present em- 
ployed upon the Coast Survey, are given as the results 
of a long experience of its good qualities on that work. 
Being the instrument best adapted to topographical 
purposes, it is desired to supply information not to be 
found in the very inadequate notices given of it in most 
American and English works, and to furnish topographi- 
cal surveyors with a practical manual of its use. This 
paper may seem, in some cases, somewhat amplified, but 
those more familiar with the instrument will overlook 
details intended for the benefit of beginners. 

The invention of the plane-table is ascribed to Praetorius 
in 1537, but the first published description appears to 
be that of Leonhard Zubler, in 1625, who ascribes the 
** beginning" of the instrument to one Eberhart, a stone- 
mason. From this time forward it has received successive 
improvements, chiefly from the Germans and French, until 
it has reached its present form, which seems to be in 
keeping with the existing state of science. 
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4 THE PLANE-TABLE AND ITS USB IN 

Description. — Topography is a more or less detailed 
representation, in the form of a map, of d, certain area 
of ground, on a specified scale or proportion of nature, 
mechanically constructed by the measurement of angles, 
direct linear measurement, and tangential lines. In plane- 
table practice these are drawn in pencil upon the paper, 
which is spread upon the table, and the details are filled 
in according to established conventional signs. The work 
is so conducted that the required figure is obtained in the 
field at once by the simultaneous measurement and plot- 
ting of the angles; and while it is done with as much 
accuracy as it could be plotted with a protractor, errors of 
transfer are avoided and much time saved. 

The plane-table at present in use by the Coast Survey 
(see Plate No, 1) is composed of a well-seasoned drawing 
board, with bevelled or rounded edges about thirty inches 
in length, twenty-four in width, and three-quarters of an 
inch thick. It is commonly made of several pieces of 
white pine, tongued and grooved together, with the grain 
running in different directions to prevent warping. It is 
supported upon three strong brass arms, to which it is 
fastened by screws passing through them and entering the 
under side of the board, the three holes for the reception 
of the screws being guarded by brass bushings let into the 
wood, and situated equidistant from each other and from 
the centre of the table. By means of these screws the 
board can be removed at will. The arms rest upon the 
sloping upper face of a conical plate of brass, to which 
they are permanently fixed. Upon its lower edge or peri- 
phery this cone is fashioned into a horizontally projecting 
rim, the inferior face of which is as nearly as possible a 
perfect plane, and this in its turn rests upon a correspond- 
ing rim of a somewhat greater diameter, projecting slightly 
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beyond it. This second rim forms the upper and outer 
flange of a circular metal disk in the form of a Very shal- 
low cylinder. The inferior face or plane of the upper 
flange or rim has, at its contact with the superior face of 
the lower, a horizontal rotatory movement about a common 
centre, which is the centre also of the instrument, and the 
two are held together by means of a solid conical axis of 
brass extending upwards from the centre of the inter face 
of the lower disk. A socket of similar shape fits exactly 
over this axis, projecting downward from the inner side of 
the apex of the conical or upper disk. The two plates 
are held together by means of a mill-beaded screw capping 
the cone from the outside, and which can be loosened or 
removed at pleasure. 

A clamp fastened to the edge of the upper rim permits, 
when loose, the revolution of the table about its centre, 
and , when clamped to the lower limb, holds the table firm, 
while a tangent screw gives a more delicate* move- 
ment. 

Three equidistant vertical projections of brass grooved on 
the under side, and cast in one piece with the under face of 
the lower disk, extending from the periphery towards the 
centre, rest upon the points of three large screws which 
come through a heavy wooden block below. This block, 
which is the top of the stand and is approximate in form 
to an equilateral triangle, is made of three pieces or hori- 
zontal layers, and is two and-a-quarter inches thick and 
very strong. 

The three screws last mentioned have large milled heads, 
are quite stout, and play through the block from below by 
means of brass female screws let into it. They are the 
levelling screws of the instrument, and are equidistant 
from its centre. 
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Upon the under Bide and centre of the lower metal disk 
is a socket containing a ball with a brass arm, which pro- 
jects through the centre of the block from beneath. The 
lower end of the arm is threaded, and upon it plays a 
female screw with a large milled head, which can be re- 
laxed or tightened at pleasure. This screw clamps the 
whole upper part of the instrument to the stand ; it is 
loosened only before levelling, and kept securely clamped 
at all other times. 

The block is supported upon three legs, and with them 
forms the tripod or stand of the instrument, the legs being 
of such a length as to bring the table to a convenient 
.height for working, and so arranged as to be taken oflf at 
will, or closed so that their iron-shod and pointed ends can 
be brought together or moved outward, as may be required. 
For lightness the legs are generally made open through 
the middle of their length, though sometimes they are 
solid, and each one is fashioned at the top into a cylindri- 
cal form with an outer flange, the cylinder fitting into a 
groove on the under side and near the edge of a truncated 
vertex of the block. The flange, by coming in contact 
with the lower edge of the block, prevents a too great 
spread of the legs. A brass screw, connected at right 
angles with the middle of a movable bolt which runs 
through the axis of the cylindrical head of the leg,, 
and projecting through a hole in the block, is fastened 
above by a female screw with a large milled head. 

A pair of compass sights or a watch telescope has some- 
times been attached to the under side of liie board of the 
plane-table. When the table has been put **in position," 
the watch telescope is directed to some well-defined object, 
and by after reference to it any movement which may have 
taken place, out of position, in the table during its use, can 
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be detected and adjusted. This, however, is but a com- 
plication of the instrument, and the same purpose can be 
more readily served by the alidade itself. The watch tele- 
scope has not been used in Coast Survey work. 

Rollers have been attached to the under side of the 
table, taking the place of clamps for holding the map in 
its place ; but these are very liable to get out of order, 
and are not regarded with favor by the best topographers. 
The alidade consists of a brass rule about twenty-two 
inches long, having a circular level on its upper face^. 
Near the middle of the rule is a perpendicular cylindrical 
column of brass, called the ** standard," surmounted by 
two square brass plates joined by screws, and. supporting 
horizontally a conical journal, through which extends a 
closely fitting cone of brass, coming from and attached to 
the side of the telescope. This cone forms the axis of the 
vertical movement of the telescope, and is secured at the 
extremity by a screw which holds it in its place. The 
telescope itself has the usual cross-hairs and means of 
focal adjustment. 

f A transverse level is fastened to the edge of the upper 

/ of the two plates at the top of the standard by means of 

i adjusting screws. 

^ The telescope is so placed that its line of collimation is 

above and in the same vertical plane with the fiducial edge 

of the rule, though this is not absolutely necessary. Its 

position with regard to the edge, and its relation to it, 

should, however, be constant. 

A vertical arc with a tangent screw and clamp is at- 
tache^ to the telescopic side of the lower brass plate, and, 
witjy^ vernier which moves in arc as the telescope is r^ed 
or dfepressed, is used in the measurement of vertical angles 
for heights. 
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A smoXl strip of braas is sometimes attached by means 
of borizpntal hinges to the edge of the rule, after the man- 
ner of the ordinary parallel rule, for the purpose of ena- 
bling the topographer to draw a more extended line upon 
his sheet than the limits of the rule would permit ; but, as 
it. is liable to the same objection as that instrument, it has 
not come into general use. 

A. dedineUoire^ consisting of a rectangular metal box 
eontahxing a needle, so arranged that when pointing north 
it is parallel to the outer straight-edge of the box ; a scale 
of equal parts of brass or German silver ; a set of metal 
clamps for fastening the map to the table ; a pair of sharp 
dividers ; Ijidia-rubber, pencils, and a penknife, complete 
the list of essentials for prosecuting plane-table work. 

Since writing the foregoing description of the alidade, 
it has been somewhat modified and improved. (See frontis- 
piece.) The telescope, instead of being supported on the 
side of the standard, is ** transit mounted," resting upon 
an axis which is supported at either end upon a cross- 
piece of brass, upheld by two square columns, having 
their bases upon a square plate forming the top of the 
standard, the support and standard being firmly united. 
This arrangement brings the centre of -gravity over and 
coincident with that of the standard, instead of outside of 
it, as heretofore. • 

The vertical arc is better protected by being placed ift- 
side of the two square uprights, and the tangent screw 
made more stable by being made to play through one of 
the uprights on the opposite side from the arc. 

An arrangement for attaching a riding level to the tele- 
scope, and the declinatoire being permanently fastened 
to the rule, are also improvements upon the old 
pattern. 
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Adjustments. — ^From the nature of the service, in some 
sections of the country the plane-table is often necessarily 
subjected to rough usage, and there is a constant liability 
to a disturbance of the adjustments ; still, in careful hands^ 
a well-made instrument may be used under unfavorable 
conditions for a long time without being perceptibly af- 
fected. One should not fail, however, to make occasional 
examinations, and, while at work, if any difficulty be met 
with, which cannot otherwise be accounted for, it should 
lead directly to a scrutiny of the adjustments. 

1. The Fiducial Edge of the Ride. — This should be a 
true straight-edge. Place the rule upon a smooth surface 
and draw a line along its edge, marking also i;he lines at 
the ends of the rule. Reverse the rule, and place the op- 
posite ends upon the marked points, and again draw the 
line. If the two lines coincide, no adjustment is neces- 
sary ; if not, the edge must be made true. 

There is one deviation from a straight Une, which, by a. 
very rare possibility, the edge of the ruler might assume,, 
and yet not be shown by the above test ; it is when a part 
is convex, and a part similarly situated at the other end 
concave, in exactly the same degree and proportion. In 
this case, on reversal, a Une drawn along the edge of the- 
rule would be coincident with the other, though not a true 
right hne ; this can only be tested by an exact straight-edge. 

2. Ihe Level attached to the Bvle. — Place the instru- 
ment in the middle of the table, and bring the bubble 
to the centre by means of the levelling screws of the 
table J draw lines along the edge and ends of the rule 
upon the board to show its exact position, then reverse 
180^. If the bubble remain central, it is in adjustment j 
if not, correct it one-half by means of the levelling screws 
of the table, and the other half by the adjusting screws 
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attached to the level This should be repeated until the 
bubble keeps its central position, whichever way the rule 
may be placed upon the table. This presupposes the plane 
of the board to be true. If two levels are on the rule 
they are examined and adjusted in a like manner. 

Great care should be exercised in manipulation, lest the 
table be disturbed. 

3. Parallax. — Move the eye-glass un^il the cross-hairs 
are perfectly distinct, and then direct the telescope to some 
distant, well-defined object. If the contact remain perfect 
when the position of the eye is changed in any way, there 
is no parallax ; but if it does not, then the focus of the 
object-glass must be changed until there is no displace- 
ment of the contact. When this is the, case, the cross-hairs 
are in the common focus of the object and eye-glasses. 

It may occur that the true focus of the cross-hairs is not 
. obtained at first, in which case a readjustment is necessary,, 
in order to see both them and the object with equal dis- 
tinctness and without parallax. 

4. To make the Line of CoUirnation Perpendicular ta 
the Axis of Pevolution of the Telescope and the Axis- 
of Hevolution Parallel to the Plane of the Rule. — ^The 
instrument is set up and carefully levelled, and the cross- 
hairs directed to a plumb or other vertical line. If 
the cross-hairs cover the line when the telescope is ele- 
vated and depressed, the adjustments are perfect ; should 
they deviate, however, from the vertical line^ this error 
may be attributable to two causes : 1st, the line of col- 
limation is not perpendicular to the horizontal axis ; or, 
2d, the axis is not horizontal, and consequently not paral- 
lel to the plane of the rule. In the first case the motion 
of the cross-hairs will be in a curve, and, upon being made 
to cover the vertical hne when the telescope is horizontal,. 
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will deviate from it to tiie same side both upon elevation 
and depression. In the second case the movement of the 
ct'oss-hairs Will be in a straight line oblique to the hori- 
zontal, and, when made to cover the vertical line when 
the telescope is horizontal, they will, upon being elevated 
and depressed, appear upon different sides of the vertical 
line. These two cases will be considered separately. 

When the construction of the telescope admits of it, the 
perpendicularity of the line of collimation to the axis niay 
be examined as follows : Direct the cross-hairs to a well- 
defined, distant object, as nearly upon a level with the 
telescope as may be, and draw a line along the fiducial 
edge ; then reverse the rule 180^, again placing the edge 
along this line, revolve the telescope upon its axis and again 
observe the object ; if the cross-hairs cover it, the adjust* 
ment is perfect ; if not, one-half the error must be cor* 
rected by moving the cross-hairs by means of the adjusting 
screws of the diaphragm, and the other half with the 
tangent screw of the table, and the operation should be 
repeated until the adjustment is complete. 

In using the method just given it may be taken for 
granted that the line, of collimation revolves in the verti* 
cal plane of the fiducial edge, as any error arising from, 
this not being the case would be inappreciable. . 

After this adjustment, the horizontality of the axia 
should be examined. Direct the cross-hairs to a distant,, 
well defined, elevated or depressed object, having the table 
carefully levelled; draw a line along the fiducial edge,, 
reverse the rule, and again direct towards the object ; if 
the cross-hairs cover it the axis is horizontal ; if they do 
not, one half of the deviation should be corrected by means 
of the screws attaching the upper plate to the top of the 
standard, or by means of the screws attaching the standard 
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to the rule. The level attached to the axis should thei^ 
be made central. 

In the alidades, as recently improved, the bearings of 
the axes being tmchangeable, save by such violence as 
would destroy the instrument for all practical purposes, 
the foregoing adjustment and the succeeding one are, of 
course, unnecessary, as the instrument is to be considered 
as in constant adjustment in these respects. 

5* To make the Line of CoUimaiion ParaUel to the' 
Vertical Plane of the Fiducial Edge. — ^The exact paral* 
lelism of these is not absolutely necessary, but it is es- 
sential that the deviation should remain constant. This^ 
adjustment may be examined by means of two needles 
stuck in the table. The table is turned so, that the needles^ 
sight exactly to some distant object ; the fiducial edge is 
then placed against them and the telescope directed to the 
object. If the cross-hairs bisect it, the adjustment is cor- 
rect ; but if they do not, it can be corrected by means of 
the screws attaching the standard to the rule* 

6. Zero of the Vertical Arc. — ^When the line of sight- 
is horizontal, the vernier of the vertical arc should read 
0^, or the index error should be known. This may be ex- 
amined by means of the distant sea horizon, or by setting- 
up the alidade so that the centre of the telescope is in the 
line of sight of an accurately adjusted levelling instrument, 
and then directing both instruments, while level, to a dis- 
tant object ; if any error be discovered, it may be corrected 
by setting the vernier at 0^, and adjusting the horizontal 
wire to the sea horizon or object. 

When the above means are not available, the following- 
method may be used : Set up the instrument at a point, 
measure the angle of elevation or depression of a distant 
object, remove the instrument to that object, and measi^e- 
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tKe angle of depression oi* ielevation of the first point. 
These angles should be equal if the adjustment be correct, 
and if not equal, the index error will be one-half the dif- 
ference of the two readings. 

The following method of making this adjustment may 
be employed, where you have neither a separate level, a 
sea horizon, nor an elevation : Set up the table and level 
it carefully on any level piece of ground between two equi- 
distant points A and B, say 600 or 800 metres apart. 
Determine with the table the diflference of level of these 
two points, and remove the table to A* Measure carefully 
the distance from the ground to the centre of the axis of 
the telescope, and add or subtract this from the difference 
of level of the point B, according as it is lower or higher 
than A. Set up a target or distinct point at this height at 
B, direct the cross-hairs upon it, and adjust the vernier 
accordingly. 
A longitudinal riding level placed upon the telescope, 

' or a level permanently fastened upon the top of the tele- 

scope parallel to the optical 'axis, and adjusted to the 

I horizontal wire, will give the error at once. 

, ^ Plane- Table. — With regard to the plane-table proper, 

^, a disturbance of its good working condition generally 
. ^; arises from accidents resulting from carelessness or from 
I::;. undue exposure of the board to the inclemency of the 
weather, and where these injuries are of a serious nature 
the mechanician only can apply the proper remedies. A 
coating of shellac has been suggested, whereby the shrink- 
age and warping of the board is said to be prevented ' * in a 
very marked degree ; " but well-seasoned wood and fidelity 
in construction must be the main reliance of the surveyor. 
Paper. — ^In addition to faulty adjustment of his instru- 
ment the topographer has an additional source of error to 
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guard against, Arising from the expansion and contraction 
of the paper, due to its hygrometric nature. Prom the 
exposure to which a sheet is subject while in use in the 
field, and the occurrence of almost unceasing atmospheric 
changes, it can hardly ever be considered for any great 
length of time as fixed in its relative proportions ; and the 
diflScidty is greatly increased from the want of uniformity 
in this variation in the different parts of the sheet and in 
different directions. 

In case of trouble with the points arising from this 
cause, there is but one remedy, and that is by the system 
of compensation as treated of in the article on field- 
work. 

When points are determined by intersection, the effect 
of contraction and expansion may be uniform enough to 
be comparatively unimportant ; but in running long tra- 
verses without side checks it is always felt. 

In plotting long-measured distances the most feasible 
method of correction is to measure a minute of latitude 
near the place of plotting ; and as the lengths of all these 
minutes on the sheet is the same, a comparison with the 
scale can at once be made and the percentage of error de- 
termined. When the sheet has no projection, squares of 
1,000 metres constructed upon it will answer the same 
purpose. 

Scales. — ^The very simple and ingenious decimal system 
of scales for maps adopted by the French is that in use 
upon the Coast Survey. In this system the scale of any 
map is represented by a fraction, whose numerator is unity 
and whose denominator is some multiple of two or five, 
as •sTTFoinr, loioo , WoTT, -sToW, mcauing that any distance on 
the map is one twenty-thousandth, one ten-thousandth, 
&c., of its actual dimensions on the ground. Thus, on a 
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acale of -nmnr, one decimetre on the map will represent 
an actual distance of 1,000 metres. 

Any other desirable scale can, of course, be used, as a 
given number of inches to a mile ; and in case of triangu- 
lating from a base, as in a reconnoissance, no scale even 
need be adopted. By assuming two points on the sheet 
as the extremities of the base, and working from them, a 
correct .delineation of the country can be obtained before 
the base has been measured. After measurement the scale 
of the map can be ascertained by dividing the length of 
the base on the map by its length on the ground, both 
expressed in the same unit. 

In those regions where there is much detail, rr^hnf is 
the scale generally used for field-work, while in others, 
where there is but little minute work, aoioo is employed. 
Less than the latter is never used for field sheets. In 
some cases, such as surveys of cities, wharves, &c., Winr 
may be used ; and in certain rare instances, as in surveys 
for the location of batteries, the mapping of forts and 
other works, and sites for light-houses, still larger scales 
are sometimes found necessary. 

The diagonal scales of equal parts used on the Coast 
Survey with the plane-table, for the purpose of plotting 
measured distances, correspond with the scales of the maps. 
They are of metal, and sufficiently hard to stand long wear 
from the points of the dividers. 

Projections for Field- Work. — ^The conical projection 

is that used in the Coast Survey for field-work. 

/ The direction in which the sheet is laid in plotting is 

/ determined by various considerations. It should in- 

/ elude as many triangulation points as possible ; it should 

j duly conform to the position of sheets already surveyed 

/ in the same neighborhood ; and it should embrace the area 
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of the proposed survey in the manner most convenient for 
work, and most eflfective for the artistic appearance of the 
sheet when finished. 

A sketch giving the triangulation points and the ap- 
proximate shoreline (comprised in the area to be sur- 
veyed) being before the draughtsman, he proceeds as 
follows : 

_ • 

The limits of the sheet having been determined, the 
middle meridian A (see Plate No. 2) is located and drawn^ 
and its intersection with the most central parallel deter- 
mined, at which point the perpendicular B is erected. 

The number of minutes of latitude on the central me- 
ridian, above and below the central parallel, being known, 
take the corresponding distance from Table VI. (*' Projec- 
tion Tables," C. S. Report, 1853, Appendix No. 39), from 
under the head " Meridional Arcs," and lay it off (C) 
above and below the central parallel ; and, with the same 
distance as radius, strike arcs (D D D D) above and below 
from near the extremities of the perpendicular B, With 
a well-tested straight edge draw lines (E E) through the 
north and south minutes on the central meridian, and tan- 
gent to the two arcs D D, to the right and left. This 
gives three parallel lines perpendicular to the central 
meridian. 

From the same table (VI.) from under the head 
** Lengths of Arcs of the Parallels," take out the value 
corresponding to the number of minutes of longitude, east 
and west of the central meridian, and lay off the whole 
distance (F F^ F^^) on each perpendicular, taking each dis- 
tance from its appropriate latitude. Subdivide these into 
minutes (G Q' Of'). 

For the areas usually covered by plane-table sheets the 
corrections (X), for determining the abscissas from the arcs 
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of parallels (Table VI., *' Co-ordinates of Curvature"), are 
inappreciable, and may be disregarded ; the ordinates (Y) 
only being used. These give the distances to be set ofiF 
from the lines B B, perpendicularly towards the pole, for 
each minute of longitude counting from the central me- 
ridian. For ordinary field projections of scale xviiTir the 
ordinate of the extreme minute only need be used, and 
the parallel drawn a right line from the point so fouiid 
to the central meridian. This ordinate (H) being set off 
on each of the parallels, the meridians are all drawn in 
with a fine ruling pen, then subdivided into minutes, and 
the parallels carefully ruled in through the points of sub- 
division. 

The projection is verified by applying the measure of a^ 
number of minutes of latitude and longitude, and by a - 
comparison of diagonal measurements on different parts 
of the sheet. 

All measurements should be carefully taken from the / 
scale with a keenly pointed beam compass, and the marks j 
pricked in the paper should be as light as possible to be ! 
seen, so as to insure the greatest accuracy. 

The draughtsman is supplied with a list of triangula- 
tion points, which gives their relative distances, their lati- 
tudes and longitudes, and also the equivalents in metres 
of the seconds of latitude and longitude, according to 
which the points are now plotted on the sheet by 
measuring from the corresponding minutes. Thus in the 
diagram the distance J represents the seconds of latitude ; 
K, the seconds of longitude of the trigonometrical point. 

The accuracy of the plotting is tested by a measurement 
of the respective distances between the points with the beam- 
compass, these distances being also given. The degrees 
and minutes are then plainly marked, usually on the north 

2 
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and east sides of the sheet, at one extremity of each paral- 
lel and meridian, the pencil marks erased, and the projec- 
tion is completed. 

It sometimes becomes necessary to base topographical 
work upon a detached scheme of triangulation before the 
usual astronomical observations have been made. In this 
case the only elements given are the distances from the 
points to two projected arcs of rectangular ca-ordinates 
(which are assumed), and the distances between the points. 
The projection for plotting these consists simply of axes 
of X and Y, so laid on the sheet that it wiU embrace all 
the points required by the surveyor, and in the manner 
most convenient for his work ; and the points are plotted 
from these by the intersection of two arcs with the dis- 
tances of the points from the axes as radii, either north 
or south, east or west, of the lines of X and Y, as the 
plus or minus signs given may indicate. The only test is 
by the distances between the points, and there should be at 
least two from each. If the work be correctly done, a 
regular projection can be constructed on the sheet after it 
is finished, and the required astronomical work is completed. 

In case it so happens that for some special purpose it 
becomes urgent to undertake a piece of topography, when 
neither the data for projections nor co-ordinates are at 
hand, plotting by distances is the only resource left, and, 
of course, great care is absolutely necessary. 

It has sometimes been found expedient to carry on a 
plane-table survey in advance of the triangulation, or 
where the triangulation has not yet been connected with 
a base. Under such circumstances it is advisable to draw 
squares of 1,000 or any specified number of metres on the 
sheet, by means of which the projection can ultimately be 
laid down correctly. 
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Field- Work. — Genend Bemarhs. — ^In organizing a party 
for field-work it is necessary to have one man to carry the 
table. His duty is to remain constantly with the instru- 
ment, to leave it under no circumstances ; and while the 
topographer is at work he holds the shade to protect the 
ohart from the glare of the sun. In some sections the 
labor of carrying the table is quite fatiguing, in which case 
another man should be employed with the shade. He 
should also keep the pencils sharpened, and sometimes, 
when a careful person, he levels the table, thus giving the 
operator an opportunity to glance over the surrounding 
country. He should always have with him a spare piece 
of rubber, and one or two extra pencils. Two chain-men 
are needed, and two or three other men with signals, 
hatchet, telemeter, and other working apparatus, to exe- 
cute various offices, as they may be required. The maxi- 
mum necessary for field-work in a plane-table party on 
land is five hands, and when using a boat, six. Satisfactory 
work has been done, however, with three, and on very 
rare occasions with even two men ; but, of course, with 
less facility. More than five and an aid, when but one 
table is used, is imnecessary, and a less number is a detri- 
ment to rapid execution. 

The alidade is carried from station to station by the 
chief of party, resting on the tend of the arm, or hang- 
ing easily at the side, and in handling is to be seized by 
the lower part of the standard, never by the telescope or 
rule. Some operators prefer to have it transported in the 
box by one of the men, and handed to them when the 
table is set up at a station. It usually weighs 8i pounds ; 
and there is a fear of its being put out of adjustment or 
injured by falls on rough ground, or in crossing insecure 
fences, if carried by hand, and a relief is afifbrded to the 
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arm by being freed for a while from its weight ; but one 
soon becomes so inured to it as to feel, but Kttle incon- 
venience, and carelessness in taking out and replacing it in 
the box so many times during the day is quite as likely 
to disturb its adjustments, as is also the fall of the box, 
or rudely setting it on the ground. The metre scale is 
best fastened under the clamps which hold the paper to 
^ the table, where it is close at hand ready for reference. 
X It has been suggested that it would be an advantage to 
have it engraved upon the rule of the alidade, and it has 
also been proposed to have the scale drawn upon the sheet, 
and thus afford a correction of error of shrinkage, but its 
constant use would soon seriously deface the paper. The 
pencils, dividers, and India-rubber can be carried in an 
outside breast-pocket, the points of the dividers, when not 
in use, being thrust into the edge of the rubber. The 
little metallic patent pencil-holder, pinned upon the left 
breast of the coat, is used satisfactorily by some surveyors 
for this purpose. A handy and compact arrangement 
J j[^for carrying the scale, pencils, etc., is a russet leather 
^ y case lOi by 2i inches. It is made large enough to ac- 
^ 'X commodate, on the opposite sides of the scale, when it 
is in, three or four pencils, and the dividers protecting 
the points of both; the whole carried in a leather 
pouch 11 by 4:h inches, sluilg over the shoulder, the pouch 
accommodating also note-books for sketching, table of 
heights, extra pencils, and rubber ; everything being at 
hand and well protected. When the table is set up the 
dividers and pencils are taken from the case and laid upon 
the table, and the scale drawn out as needed. Some topo- 
graphers object to carrying the scale upon the table under 
the clamps, because it is hable to soil the paper, to drop 
out in passing from station to station, is not always in the 
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most convenient place for use, and sometimes inl 
with the play of the alidade. 

It is well to have ready a light India-rubber cloth cover 
to sUp over the board in case of a sudden shower, as well 
as to protect the paper from the dust on the roads, mud 
in swampy ground, or water where a boat is used in going 
from one station to another. The sides of the sheet where 
they are turned under the table, and come more or less in 
contact with the coat of the observer, should be protected 
by strips of paper about four inches wide, and six inches 
longer than the side of the table, so as to fold under it 
and clamp on with the sheet itself. Tracing vellum is 
good for this purpose, as the points on the edge of the 
sheet can be seen through it. A plan followed by some 
topographers, is to cover the whole sheet, as exposed on the 
table, with thin paper, tearing it away at those points only 
where they are at work, and covering again by pasting on 
patches as soon as finished, thus protecting as much of 
the sheet as possible ; but in determining points this is 
impracticable. 

The plane-table must never be rudely handled, never 
roughly set on the ground, nor carried heedlessly through 
woods or swamps, and the weight of the body or arms 
should never rest upon it. Instructions should be given 
the men that, under no circumstances, except in cases of 
threatened danger, should the table or instruments con- 
nected with it be touched during the temporary absence 
^' of the topographer. 

Prelimtnaby Work. — ^As an indispensable preliminary 
to the operations of field-work, the topographer must as- 
sure himself of the correctness of the plotted points on 
the sheet, by an examination of them in the field, either 
by actual occupation of each one, or of a sufficient number 
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to embrace them all in two or more lines of observation. 
When this has been done, and the points found correct, or 
properly adjusted (as shown further on), the regular sur- 
vey is commenced. 

It is very rare that a sufficient number of triangulation 
points furnished, or their positions, are such as to suffice 
for carrying on an extended survey without the aid of in- 
termediate points. These are to be determined by the 
plane-table, and this can be done over a whole or a por- 
tion of the sheet, either before any filling in of the topo- 
graphy is done, or during the progress of the work, 
depending much upon the character of the country and 
the skill and judgment of the topographer. 

Sometimes, from lack of natural objects, it is found ad- 
visable to go beforehand over the country and locate sig- 
nals in suitable points for subsequent determination and 
use. In the location of signals, either as permanent points 
or simply for temporary forward lines, a great deal depends 
upon the good judgment of the person placing them. 
Two purposes are to be subserved ; first, the seeing a suf- 
ficient number of known points to give a good determina- 
tion ; and, second, to command a view of as great an area 
of country, and of as many natural and artificial features 
for fiUing in the topography, as possible. It should be re- 
marked, also, that in the course of the prosecution of the 
regular work, no favorable opportunity must be allowed to 
escape for locating a signal or determining a point which 
may at some future time be of service. Advantage should 
be taken of open places in the woods commanding roads 
or ravines. Piers or draw^ of bridges, or piles, giving 
lines up and down streams, with precipitous or bluffy and 
wooded banks ; trees of unusual appearance in prominent 
positions, or bearing flags placed upon them for the pur- 
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pose ; paints of rock, off-shore or otherwise ; lightning- 
rods, cupolas, weather-cocks, chimneys of factories, and 
other peculiar and marked objects come within this cate- 
gory. In fact, it may be set down as a rule, that well- 
determined signals located at convenient distances over 
the sheet are more likely to be too few than too fre- 
quent. 

Signal poles should be straight and perpendicular, the 
flags upon them adapted in color to the back-ground 
against which they will be seen when observed upon, pro- 
tected from cattle in settled districts by earth thrown up 
or by stones piled about their bases. They should also be 
well marked with pegs, or by measurements to neighbor- 
ing permanent objects, so that in case they are disturbed 
their positions may be found. 

It is taken for granted that some facility in the manipu- 
lation of the table is already arrived at, as well as a 
knowledge of conventional topographical signs, and the 
application of them ; it being merely necessary to remark 
that on maps of a large scale it is required to plumb the 
plotted point exactly over the station, although on the 
usual field scale an approximation with the eye is all that 
is requisite, and that all lines should be drawn lightly and 
carefully close to the edge of the rule with a finely sharp- 
ened hard pencil, and that in sketching one somewhat 
softer is used. If the table and alidade be in proper con- 
dition, the contact of the fiducial edge with the paper will 
be perfect throughout* its whole length, and in drawing a 
line along the edge care must be taken to preserve the 
same inclination of the pencil, and to avoid a ** shoulder '' 
in the pencil itself. If the rule be at all raised from the 
paper at any part, still greater care is to be observed, lest 
the point of the pencil should run under the edge and thus 
deviate from a straight line. 
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It is well for the beginner to learn to observe with his 
left eye as well as the right, for obvious reasons. 

The instruments should be kept scrupulously clean and 
free from sand or grit, and work with the table should 
cease the moment the presence of any foreign substance 
between the surfaces which play upon each other is sus- 
pected. An occasional taking apart of the table and 
cleaning with soap and water, using soft linen rags for the 
purpose, will be found necessary j and, after being oiled 
and put together, it should be wiped thoroughly dry. The 
cleaning should not be intrusted to any person unaccus- 
tomed to the handling of instruments. 

In observing upon signals which are not perpendicular, 
the sighting should be as nearly as possible upon the base 
of the pole. 

Field Practice. — ^Topographical points can be deter- 
mined by three methods, viz. : intersection,* ** resection/^ 
and measured distances. In the first of these the point 
must be seen from two or more occupied points in suitable 
positions, with regard to the point to be determined ; in 
the second, it must be occupied ; and in the third, there 
must be a direct measured line, with an established direc- 
tion from the occupied point. These methods of deter- 
mination, and the iiicidental operations which accompany 
them, will now be considered. 



* Castom has giyen tbis general term a speolflo signiiication in Coast Soonwy 
topographical work. 
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Let 0, P, Q, R., Fig. 1, represent the board of the 
plane-table, upon which is spread the topographical sheet ;, 
the plotted triangulation point a upon the sheet represent- 
ing the signal A upon the ground ; 6, the spire B ; c, the 
signal C ; and s, the station S ; the small letters on the 
sheet representing the centres of the signals on the ground, 
which are referred to by corresponding Urge letters. 

The table is first placed approximately level over the 
occupied station S, and put in position, also approximately, 
by the eye, so that the plotted points on the sheet are in 
range with the station S and the signals or objects they 
represent in the field. Then plumb the point % over the 
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station S, fixing the legs of the table firmly in the 
ground ; place the alidade upon the table so that the 
rule shall extend across its centre ; loosen the large milled 
head screw projecting below the top of the stand, and 
by means of the levelling screws bring the babble of the 
circular level on the rule to the centre. Place the ali- 
dade at right angles to its first position upon the board, 
repeat the operation, clamp the large screw again, and 
the table is level. Now free the tangent screw by loosen- 
ing its clamp, place the edge of the rule r upon the oc- 
cupied point 5 and the point 6, the telescope being: 
directed towards the spire B, as shown by the arrow- 
head in the figure, and revolve the table horizontally 
about its centre with the hands until B is seen in the 
field of the telescope ; clamp the tangent screw and turn 
it till the intersection of the cross-hairs bisect the top or 
centre of the spire B. The table is now ** in position," 
if the plotted points be correct and the proper objects^ 
sighted. In other words, the table is "oriented" when 
the point observed upon and the point occupied are 
in the line of sight, the edge of the rule being upon the 
two plottQji points ; the one, s, perpendicularly over the 
occupied station, and the other, J, the station observed 
upon. As a test of the correctness of this, place the rule 
upon the point b again, and upon the points a and c con- 
secutively, and if the two signals A and C are covered by 
the vertical cross-hair of the telescope, the orientation is 
assured, and the meridian of the sheet is parallel to that 
of the earth, all the lines joining the signals and their 
respective projections being also parallel. 

It will sometimes happen that the upper metal disk at- 
tached to the table, after it has been clamped and the 
tangent screw used to put the table in position, has a ten- - 
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dency to spring still further with a sudden movement or 
slight jerk, and this movement may not occur until im- 
pelled by the ordinary working about the table, and pass 
imobserved by the operator. This may arise from the 
two disks being screwed too closely together, and the faces 
in contact not being sufficiently oiled. It is often the 
source of much trouble to the beginner, and he is unable 
to discover the cause. It is well, therefore, in orienting 
the table, when this is suspected, to take hold of the edge 
of the board with the thumb and finger and spring it very 
slightly from side to side, in order that the table may 
settle itself in a fixed position. The cause of the trouble 
must, of course, be removed on the first opportunity. 

The next operation is to '* take the forward line " to the 
next point which it is desirable to occupy or determine, 
either some natural object which can be occupied, or a. 
forward signal placed for that purpose, say the signal D. 

The edge of the rule is placed upon the point a and. 
moved about that point as a centre until the forward 
signal D is covered by the vertical hair, and then a line,/, 
is drawn along the edge of the rule from s sufficiently far 
to reach the estimated distance on the sheet of the point 
d, and at each end of the rule the short check lines n n- 
are drawn. In the same manner lines to be afterward* 
intersected should be drawn to such objects as it may be 
well to determine. To prevent confusion the ends of such 
lines are marked as in the diagram : ch., chimney ; t, 
tree ; cup., cupola ; sp., spire ; w-m., wind-mill, etc. Tan- 
gent lines and lines radiating to objects comparatively 
near at hand, to be chained or obtained by the teleme- 
ter, as fence, comers, etc., should be likewise taken. If 
the station occupied be in an elevated and prominent 
position, its height should be observed, both as a guide 
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for putting in the contours at the point, and to serve as » 
point of reference in taking heights at other places, the- 
method of doing which will be given hereafter. The ne- 
cessary sketching is now done, omitting nothing that 
can be completed from this point ; the alidade removed, 
the table raised, the signal put up, and the party leaves 
for the next station. Sometimes it is necessary to start 
the chain from the station to the forward signal. 



JBHff. 9, 




\. 



4 



When moving from one station to another it is the 
custom with some topographers to loosen the tangent 
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clamp, with the idea that if the table come in contact 
with any object whUe being transported, it will revolve 
and be less liable to injury. This perhaps is true, if the 
blow comes on the side of the table only, and in the direc- 
tion of its plane. 

Now, let the letters in Fig. 2 be the same as in Fig. 1 . 
The table is riemoved to the station A and placed over the 
point on the ground, put in approximate position, levelled, 
clamped, and loosened at the tangent screw, as at station 
S. The rule is then placed upon the line a «, the 
cross-hairs of the telescope directed towards the signal 
S, and the table brought into position, as before described. 
Then keeping the edge of the rule upon a, direct the 
telescope upon the signal D, and draw the line a c2, inter- 
secting/, and determining the position of the point d upon 
the sheet, corresponding to D, and bearing the same rela- 
tion in position and distance to the points «, a, J, and c, as 
the signal D does to S, A, B, and C. All the other objects 
to which lines were drawn from s, and which can be seen 
from A, are intersected and determined in the same 
manner. This is an example of the method of '* inter- 
section." 

The necessary sketching, determination of height, etc., 
are executed here as at S, and, indeed, at every point 
occupied, — ^it being desirable, if possible, never to occupy a 
a station more than once. 

The intersection of two lines is not, however, positive 
evidence of the correct determination of a point. Let us, 
therefore, proceed to D and again determine it by " resec- 
tion " from the point B. (See Fig. 3.) • 
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The table is placed over the point D, put in approxi- 
mate position, levelled, etc., as at the other stations. 
The rule is then placed upon the forward line, /, (now- 
called the ** back line," as seen from D,) passing through 
the point s, so that the checks n n are just visible along 
the edge, and the telescope directed towards the signal S, 
as shown by the arrow, and the table oriented. The rule 
is then placed with its edge bisecting one of the plotted 
points, such as 6, which will give a cleanly cut angle (the 
nearer 90° the better) with the line/, and is moved about 
that point as a centre until the spire B is covered with the 
vertical hair. A line is now drawn along the edge of the 
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rule, crossing the line/. If this line intersects / at pre- 
cisely the same point as the lines/, a, and d, the position 
of d upon the map is assured, and a delicate hole with the 
point of the dividers should be pricked upon the sheet to 
fix the point, surrounded by a small circle in pencil. The 
point may be still further tested by resection from C. If 
the forward line from 8 has also been chained, the distance 
taken from the scale and laid oflf from 8 on the line/ will 
afford still another test, and it is quite sufficient if it agree 
with an intersection where only one can be obtained. 

Another forward line, /, is now taken, with the usual 
checks, n' n', to the next desirable station, and lines of in- 
tersection are also drawn from d upon the chimney, wind- 
mill, cupola, tree, and spire previously observed, as they 
appear in the telescope, in succession from left to right, 
and their positions definitely fixed upon the map, pricked 
through and marked ; and these being well determined, 
can now be used for the determination of other stations. 
New lines to such other objects as may be thought neces- 
sary should be taken, as well as tangent lines, and then 
follows the sketching to fill in the details about the 
station. 

JHff, 4. 
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The table is now removed to E, Fig. 4 (which it was 
thought unnecessary to mark on Fig. 3), through which 
the forward line from d is supposed to pass, and is placed 
over the station ; and the point e, representing the pro- 
jection of the signal E upon the map, is determined by 
resections by the use of the line/' and the points 8, a, h, 
and c, although the latter two are not absolutely necessary. 
The spire and tree may also be used for this purpose. 
Those points which, owing to acute intersections, have 
been insufficiently determined, as the chimney, cupola, 
and wind-mill, are again intersected. Other intersecting 
lines are taken from e upon other points which present 
themselves, the necessary sketching made, and a new 
forward line taken to the next station. 

During all these operations occasional recurrence should 
be had with the alidade to some established point to assure 
the immobility of the table, or to correct any deflection 
from the true position which may have taken place. 

If upon going to a forward signal or object to which a 
line has been taken it is found that it cannot be occupied, 
or that it is in such a position that a sufficient number of 
points cannot be seen from it, or, for any reason, it does 
not answer the desired purpose, a point in range between 
the two stations, or upon the prolongation of the line 
connecting them, can be occupied. Getting into line 
between two stations is performed by two persons stand- 
ing facing each other, about thirty metres apart, and as 
nearly on the line as possible, one of whom sees the back 
and the other the forward signal. Each then moves al- 
ternately to the right or left, as directed by the other, 
until each signal is in line with the person whose back is 
towards it, as seen by the person facing it. The table 
can then be readily placed anywhere on the line. A posi- 
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tion for a point beyond the forward signal may also be 
found by simple alignment with the two signals. 

When by accident in drawing a forward line from an 
occupied point, near which upon the sheet is plotted an- 
other or several other points, the rule is not set upon the 
point occupied, and the error is not manifest until the for- 
ward signal is reached ; instead of going back to take the 
line over and draw it from the last station, it can be con- 
structed by drawing from the correct station a parallel to 
the false line. 
-^hP' Points and lines. — The accuracy of the work on .the to- 
pographical sheet is primarily and mainly dependent upon 
the correct determination of points, and a want of an exact 
knowledge of the capabilities of certain points already de- 
termined to ascertain the observer's position upon the 
sheet, as well as the positions of other points, is one of the 
greatest sources of trouble and error to a beginner. When 
a survey is commenced with slightly faulty points, and un- 
compensated as the work proceeds, the scale upon which it 
is executed becomes variable, and consequently erroneous. 
When, as we have seen, a triangulation point is occu- 
pied, and lines drawn from a number of other plotted 
points, with the table in position, intersect perfectly at that 
point, the position is assured ; but when they do not thus 
intersect, the cause of the difficulty may be found either, 
1st, in errors of triangulation or computation ; 2d, in a 
faulty projection, or plotting of the points ; or, 3d, in the 
unequal expansion or contraction of the paper. The first 
two, when at all great, can only be corrected by a revision 
of the work of triangulation and projection ; and the lat- 
ter, if not sufficiently large to warrant an entire rejection 
of the sheet, can be remedied only by the judicious action 
of the topographer, with the plane-table, in the field. 

3 
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When the points disagree within quite moderate limits, 
the practised hand can, by distributing the error among 
the points in the proportion of their distances from the oc- 
cupied point, so reduce the efifect of the sum of these dis- 
tributed errors on the position of the occupied point that 
he may be safe in considering positions determined from 
his point, so corrected, as more accurate and trustworthy 
than the plotted points themselves, and use them as such. 
A maximum error of twenty metres on a scale of -nrW 
can generally be reduced at the point of intersection to an 
almost, if not quite, imperceptible quantity. 

The topographer should be very chary in rejecting 
points as unfit for use. No matter what the apparent dis- 
agreement may be, one should not hastily throw aside one 
set of points and accept another because one set appears 
to agree and the other to disagree. But the positive oc- 
cupation of a series of points of whose accuracy j^ou taus 
become sure, and another series of whose inaccuracy you 
are equally satisfied, renders the preference of one set over 
the other at times not only permissible but obligatory. It 
should always be remembered that absolute and careful 
investigation in the field, and close examination of the 
projection, plotting, and data of triangulation, ought to be 
made before any point or set of points is condemned. 

Three-Point Problem. — ^It is often expedient to place 
the table in position at an undetermined point without 
any ** back line." With three signals in view whose posi- 
tions are projected on the map, the table can be oriented, 
and the point determined by means of the ** three-point 
problem." 

The table is brought into approxiipate position by the 
eye or declinatoire, and, not being properly oriented, the 
lines drawn from the three projected points will not inter- 
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Class 3. — When the point sought falls without the 
great circle and within the sector of either angle of the 
great triangle, the true point is on the same side of the 
line from the middle point as the intersection of the lines 
from the other two points. (Case 4.) 

In case the point sought falls on the range of any two 
of the points, and the table is deflected from true position, 
the lines from the two points will be parallel, intersected 
by the line from the third point. But this range can al- 
ways be determined by alignment, the table set in position 
on the range, and the point occupied determined by re- 
section on the third point. (Case 6.) 

In case the point sought falls near the range of any two 
of the three points, the lines from the two points are so 
nearly parallel that their intersection falls oflF the table, 
but the relation of the true point to the triangle of error 
is in no way changed. 

The accompanying diagram shows the fields embraced 
by the classes given above, also the location of each of the 
cases included in those classes. 

A point on the circumference of the great circle being 
indeterminate, it is apparent that a determination should 
never be attiempted in close proximity thereto. 

The following cases are beUeved to include all possible 
conditions of the relation of the position of an undeter- 
mined point to three fixed points. The surveyor is sup- 
posed to face his signals and the directions right and left 
given accordingly. 

Case 1. (Figure 1, Plate No. 4.) — When the point 
sought is within the great triangle the true point is within 
the triangle of error. 

ah c are the projected points, and ab a^ bc^ the false in- 
tersections from them forming the triangle of error. 
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Sule. — ^If the line from any one of the points falls to 
the right of the intersection of the other two, turn the 
table to the left, and if to the left, turn it to the right. 

When the point sought is without the great triangle thei 
true point is also without the triangle of error, and is 
situated to the right or kft of it, according as the table is 
out of position to the left or right. 

Case 2. (Figure 2, Plate No. 4.) — ^When the point 
sought is without the great triangle and within the great 
circle, the true point is without the triangle of error, and 
the line drawn from the middle point lies between the 
true point and the intersectioa of the other two lines. 
This also includes Case 3 (Figure 3, Plate No. 4), which 
rarely occurs in practice where the three points are in a 
straight line, 

JRiile. — ^If the line from the middle point is to the right 
of the intersection of the other two, turn the table to the 
right, and if to the left, tuni it to the left. 

Case 4. (Figure 4, Plate No. 4.)— -When the point sought 
is without the great circle, and the middle point is on the 
far side of the line joining the other two points, the 
true point is without the triangle of error, and upon the 
same side of the line from the middle point at the inter- 
section of the other two lines. 

Suk^ — ^If the line from the middle point is to the right 
of the intersection of the other two, turn the table to the 
left ; and if to the left, turn it to the right. 

Case 5. (Figure 5, Plate No. 4.) — ^When the point sought 
is without the great circle, and the middle point is on the 
near side of the line joining the other two points, the true 
point is without the triangle of error, and the line drawn 
from the middle point lies between the true point and the 
intersection of the other two lines. 
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/^daezsz /^dce and /,dsgz=^^dag 

/^dGe=^ j^dhe" and j^dag=z /^dhg" 

Therefore Z.d9e= ^^dbef' and l,dsg=i ^dbg"' 

also 8e parallel to h^ and sg parallel hg" 

and the triangles sh and hlf are similar, 

and the triangles alg and hlh are similar ; 

from which we get leilf::k:1h 

and Ig : Th :: h : 2&, 

also k ilfwlgiTh and fe : fe — ^:: ^ : Z7 — Ih 

that is e? : efi: ql : crA or el : erf :: efinh. 

The amount of the angle at 2|^is always an indication of 
the value of the determination of the point sought. The 
more obtuse the angle the better the determination. 

BESSEL'S METHODS. 

Bessel gives two methods, both based on the same prin- 
ciple. 

First rnOhod. (Figs. 11, 12, and 13, Plate No. 4.) — 

Let a b and c be the projections of the three points ob- 
served upon, and ab be aCy the triangle of error formed by 
resection upon them when the table is not in position. 
Lay off be' on ba=bc, extend be and lay off baf=J)a. Call 
the angle at the intersection ab=x, and that at the inter- 
section bc=y. At a' lay off toward you Z.ba' e=/_y, and 
at (f in the same direction /^b(f e=/.aj. The lines so laid 
off wiU intersect in e, which lies in the line of sight through 
the middle point b and the point sought, (d). By resection 
upon a and c, the position of the point on this line is fixed* 

' The solution of this is as follows (Figure 14, Plate 31) : 

Lay off at a the angle bae=/^bdc, and at c /J)ce^=. Ibda^ 
drawing the line Jc, /. e6c= / aibd and /. c5a= / (hd. Pro- 
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duce he to /, SO that hf:=Jm, and draw fg parallel to ce. 
Lay J^ on Ja, so that/ falls on a and g on h. 

* 

i 

Then we have in the quadrilateral ahhe and abed 

Zhae=z/hdc, /^hbe-^/^ahc 

hA :he ::bg :he ::bf :bc :: ba :be. 

The two quadriJaterals are therefore similar, and henoft 

/ e6c= Z. hba=i /. abd 
and /^eba= /_^(M. 

Second method. — ^The plane-table may also be put ut 
position without the use of the points c^ and C (Figures 
15, 16, and 17, Plate 31.) 

On oc at c lay oflF l^(ice=i/jc, and at a lay oflF /^caB=/^y^ 
The lines so laid off will intersect in e, which lies in the 
true Une of sight through the middle pdint b and the point 
sought, {d). Resection upon a and c then fixes the posi- 
tion of d. 

The angles e and d of the quadrilateral aecd make up 
from the construction two right angles 5 hence a circle may 
be described about the quadrilateral, and we have the 
periphery angles 

ace=:zadb 
and cae=:cdb. 

This latter method, being simpler, is better than the* 
first, but, under certain circumstances, one may be used 
when the other cannot. If, for instance, by the last-men- 
tioned manner of construction the point of intersection {e)^ 
should fall outside the plane-table, it may possibly be made; 
to faU inside by the first method. Again, if, by the latter 
method, the angles of intersections happen to be right 
angles, or nearly so, then the two plotted lines to e be- 
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come parallel to each other, or nearly so, in which case 
the first method may be used with advantage. 

The best mode of constructing the angles x and y upon 
ao is with the alidade ; directing the line to one of the 
objects and observing the other object with the alidade set 
upon the point at which the angle is to bo set oflf. It can 
also be readily done with the dividers by laying off the 
chord of the angle. 

Should either or both of the angles set off at a and C 
be so obtuse that the point e falls off the table, a shorter 
base can be used, drawn parallel to oc, as near to 6 as may 
be necessary. 



vTwo-POiNT Problem. — ^The occasion may arise where- 
^"'. it is desirable to place the table in position at a. 
given point, from, which point only two determined 
points are visible. This may be done by the folio wing^ 
methods. The first mode possesses the virtue of making- 
no linear measurement, and demonstrates in a very 
satisfactory manner the power of the table in determin- 
ing position by resection. (Figures 18, 19, 20, and 21,. 
Plate Xo. 4.) 

Two points, A B, not conveniently accessible, being 
given by their projections a J, to put the plane-table in 
position at a third point C : (The capital letters refer ta 
points on the ground and the small ones to their cor- 
responding projections). 

Select a fourth point D, such that the intersections from 
C and D upon A and B make sufficiently large angles for 
good determinations. Put the table approximately in 
position at D, by estimation or by compass, and draw the: 
lines ka B5, intersecting in d; through d draw a line 
directed to 0. Then set up at 0, and assuming the point: 
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c on the line d C, at an estimated distance from d^ and 
putting the table in a position parallel to that which is 
occupied at D, by means of the line c c?, draw the lines from 
c to A and from c to B. These will intersect the lines d A 
dB B.t points a' and b% which form with c and d a quadri- 
lateral similar to the true one, but erroneous in size and 
position. 

The angle which the lines a b and a' V make with each 
other is the error in position. By constructing now through 
c a line c d' making the same angle with c d o.^ that 
which a h makes with c^ h\ and directing this line c e?' to 
D, the table will be brought into position, and the true 
point c can be found by the intersections of a A and h B. 

Instead of transferring the angle of error by construe* 
tion, we may conveniently proceed as follows, observing 
that the angle which the liiie a' h' makes with a 5 is the 
error in the position of the table. As the table now stands: 
a' h' is parallel with A B, but we want to turn it so that a b 
shall be parallel to the same. If we therefore place the 
alidade on a' 1/ and set up a mark in that direction, then 
place the alidade on a J, and turn the table until it again 
points to the mark, then a J) will be parallel to A B, and 
the table is in position"?^ 

We can now find c and d by intersections in the usual 
way. 

Another method is as foUows : (Figure 22, Plate No. 4). 

Two points, A and B, not conveniently accessible, being 
given, to put the plane-table in position at a third (unde- 
termined) point, C. 

Set up the table at the point sought as nearly in posi- 
tion as can be done by the eye, and resect upon A and B, 
intersecting the line he at c'. The angle acfh is the true 
angle at the point occupied, subtended by A B, being the 
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the angle of nature actually drawn ; therefore, the true 
point must be on the circumferenoe of a circle passing: 
through aJc\ Construct this circle. Measure off a rea- 
sonable base, C D, at right angles, or nearly so, to #%^a 
either direction most convenient. Set up a signal at D, 
and with the alidade draw the line c' d. Remove the ta- 
ble to D, and, by means of a signal at C, (the point spught,) 
and the line dcf^ bring the table into a position parallel to 
that which is occupied at 0. With the alidade centring: 
on d, observe the signal B^ and draw the line db' intersect^/ 
ing cb at V. d h' is the distance of the point C from B, 
and this distance laid off on the circle ac&^ as a chord from: 
h will give (f\ the true position of the point C. A fourth. 
point may then be occupied, and by resection of A B and 
C the accuracy of the determination of C verified. 

^ Where it is possible to get the two signals A and B in 

I range, it is easy to determine the position of a third point 
by a mode long practised by topographers. 

Set up the table anywhere on the range line, and, hav- 
ing set up a signal at the point sought, resect upon it, 
intersecting the range line anywhere, and, by means of the 
range signal and the line to it, the table may be set in 
parallel position to that occupied in the range, which is. 
the true position, and the point sought may be determined 

\ by resection upon the two fixed points and their projec- 

\ tions. 

Field- Work. — ^In taking lines of intersection upon ia 
point or object from a series of stations, when these lines- 
do not coincide in one point, as they are usually derived 
from signals at unequal distances, the error should not be 
divided equally among them, but in proportion to their 
lengths. 

It should be borne in mind that very short lines from/ 
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a determined point, — as, for instance, to the comers of a 
fenced road, where the table ckjcupies the centre of the 
intersection of two roads — ^may be taken with no apparent 
error when the table is deflected to some extent from its 
true azimuth, but that in this case a prolonged line will be 
considerably out at its further extremity. 

A long line should never be obtained by the prolonga- 
tion of a short one from a back station where there is no 
small check line, or some other point in that prolongation 
already fixed. 

It will be apparent that the more nearly at right angles 
intersecting lines cross each other, the more clearly the 
point will be defined ; acute intersections, as far as pos- 
sible, should be avoided, and, even when they are crossed 
by a third line at a satisfactory angle, a fourth line, or an 
accurately chained distance from a well determined point, 
is advisable. dUijlL^ ^k^(^r(^^^^l^^ 

The necessity for dependence upon a measured Une, 
with an established direction alone, for position, is some- 
times unavoidable ; but, except for minor details, it should 
never be resorted to when other means are available. 
Occasional checks are very important, and, in a finished 
piece of work, no lengthened consecutive series of chained 
lines for positions should be trusted without resections, for 
tests of accuracy. It \s safer to combine both, unless the 
supply of signals is ample and they are favorably located. 

A judicious use of range lines from established points, 
or signals, will much economize time and facilitate work. 

Two range lines from well-determined points are equiv- 
alent in value to four intersecting lines. 

Tangent lines can only be used for determining the 
edges of woods, bends of streams, sweeps of shore-line, 
outlines. of shoals, small ponds, and the outlines of other 
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objects when in unimportant localities, and are inadmis- 
sible for any purpose in which accuracy of delineation is 
expected, save when they form a polygon, by which abso- 
v^ lute convexity at all points is to be represented, and even 
^ ^ then the points or objects should be visited and sketched if 
possible. 

Where the topography surveyed includes the shore line 
of a body of water, the hydrographic survey of which is 
intended to follow the topographical work, as in the Coast 
Survey, it is the duty of the topographer to locate and 
determine the shore signals, and it is only necessary to 
state that they should be so placed as to furnish the hydro- 
graphic party with as many points as is desirable for the 
determination of positions on the water. 

It is well to mark all stations occupied along or near 
the shore by pegs driven into the ground, with stones about 
them, and give their positions upon the tracing furnished 
the chief of the hydrographic party, and he can then select 
such as are best adapted to his use. 

Natural or artificial objects along the shore, or in plain 
sight from the water, such as fence ends, rocks, prominent 
houses, and posts on wharves, etc., should be determined 
and marked upon the sheet. As some time may elapse 
between the labors of the two parties, the stations should 
be well secured above the wash of the tides. 

Lines to buoys and other permanent floating objects 
should be, as far as practicable, taken at the same stage 
of the tide, or direction of current, or the status of the tide 
noted at the time of observation. 

In the determination and tracing upon the chart of the 
low water line, so much in its outline is generally 
dependent upon the direction and force of the wind that 
no fixed rules for guidance can be given. 
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The delineation of the ordinary mean low water mark 
should be aimed at, and when it is beyond the reach of 
the plane table, and presents no marked points for deter- 
mination, or is of a character that will not admit of put- 
ting up and working the instrument--as along the swampy 
shores of the South, where the muddy shoals extend far 
seaward, and among the shifting quicksands of our great 
estuaries and bays — it must be left to be traced by the 
soundings and tidal reductions of the hydrographic 
parties. 

It is always best to determine the high and low water 
lines, both at spring and neap tides. Having learned the 
range of tide, the topographer will know how long he can 
work without error. 

Where, on the occurrence of any great or unusual storm 
or freshet during the working season, the low water line, 
which has already been surveyed, is found to have changed 
in form or locality, it should be resurveyed, and both the 
old and new outlines retained on the sheet, with the ap- 
propriate notes. 

As a feature which is quite interesting and important 
under certain circumstances to the hydographer, low 
water springs, having their origin and outlet below the 
high water line, should be shown on the chart, where it 
can be done, in the regular routine of work. All grassy 
shoals should be delineated. They are always found in 
water scarcely agitated by waves or currents, and their 
shape and outline on the channel side is a very marked 
feature, and a good measure of the power of the current. 
Eel grasses should also be put upon the map, as indi- 
cating an antecedent accumulation of fine sand or soil. 

Orientation by the declinatoire or compass-needle, alone, 
is not reliable, unless for obtaining positions for rough 
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sketching in plane-table reconnoissance, but it may be use- 
ful as an adjunct when an operator, in default of sufficient 
points, desires to obtain an approximate positior^. It is 
used by placing the straight edge of the box containing the 
needle upon a magnetic meridian, previously traced upon 
the chart, and revolving the table until the needle points 
to 0^, or north, on the graduated arc in the end of the box. 
When the declinatoire is fastened to the rule, the edge of 
the rule is used. The magnetic meridian is roughly ob- 
tained at any well-determined station, when the table is 
properly oriented by the use of the declinatoire itself, the 
meridian line being drawn upon the sheet along the straight 
edge of the box when the needle points to 0°. 

In sketching or drawing, care should be taken not to 
lessen the size of natural objects, the scale being followed 
as far as practicable ; but in some cases, which will be ap- 
parent, it may be desirable to enlarge somewhat, but very 
cautiously. The topographer should learn to draw from 
nature readily, and at once, without being obliged to erase 
or interlineate. By working carefully at first this will be 
obtained in due time. 

Too frequent use of the India-rubber disturbs the fibres 
of the paper and renders the subsequent inking less neat 
and clear. The drawing should be plain and distinct, so 
as not to be obliterated easily by the movement of the 
alidade over the paper, but not so dark or heavy as to 
blur. The object should be solely to represent accurately 
the surface and elevation of the country surveyed, and 
it should be easy and natural, and not a stiflF copy of con- 
ventional signs. 

Nothing should be left uncertain or indefinite, to be 
afterwards puzzled out or guessed at. As far as practica- 
ble, all work should be drawn in the field under the eye. 
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Sketching and plotting in the office from notes is objection- 
able, unless the country be near at hand for examination 
in 'case of doubt or a defective sketch, or of error of 
chaining. 

Too great care cannot be taken in the manipulation of 
the. plane-table. There should be no pressure, and in 
moving the alidade, both it and the arm should always be 
raised clear of the board, so as. not to rub over the sur- 
face of the sheet. 

The topographer should learn to distinguish, as a matter 
of economy in point of time, between the relative im- 
portance of different topographical features. While it 
should be the object to do all the work correctiy, yet 
a line should be drawn between the expenditure of time 
necessary to a correct representation of the thickly- 
settled streets of a town and the bend of an unimportant 
creek in an obscure and out-of-the-way swamp. Ex- 
perience alone can teach a proper discrimination in this 
respect. 

^Contours. — ^If there be any feature which more pe- 
culiarly distinguishes one section of a country from 
another, imparting to it its most striking characteristic, 
and to which all other accidents of ground are subordinate, 
it is to be found in the inequalities or changes of the level 
of the surface, and it is the correct representation of this 
feature that calls forth the best skill and judgment of the 

. topographer, and upon which the value of a map most 
materially depends. 

Previous to the commencement of work, it is well to 
become possessed of some knowledge of the country which 
is to be surveyed. A rapid examination of the ground, 
by showing whether it lies in regular parallel ridges and 
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intervening valleys, isolated hills, gradually sloping plains, 
or broken, abrupt, and rocky declivities, and whether par- 
tially or entirely open, or wooded, will suggest to the 
topographer the best method of operation, and enable 
him to form a general plan of work which will result in 
economy in point of time, and, as a consequence, will pre- 
( serve the continuity of contour from day to day as the 
work progresses. 

By keeping in view the characteristic features of .the 
hills in the section of country under survey, the topogra- 
pher will be able to give a naturalness to a sheet, which, 
by a mere formal, though correct, delineation by prescribed 
rules, he could not effect. It is to be observed that the 
elevations and depressions, in their form and course, 
follow, or rather are a part of a general system of nature, 
however capriciously detached localities or even extended 
areas may appear to be excepted from the general law. 
Where these exceptions are found they can usually be 
traced to some Ijreach of or interference with this law, and 
will be found to be confined solely to the locality where 
the disturbing causes have operated. 

Thus the principal ridges will be found to tend in one 
general direction, either running parallel with the main 
range which lies farther off, or forming spurs at right 
angles to it. Along the coast the latter is generally the 
case, as we there usually find the spurs, or the extremity 
of some main prominent inland range. When a single 
detached hill is found, or a series of them, presenting, as 
is sometimes the case, so smooth and regular an outline 
as to be compared to half a watermelon, and apparently 
located without any reference either in direction or charac- 
ter to the other elevations of the vicinity ; and so also 
when the ground presents the appearance of a confused 
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mass of broken bluffs, rocky faces and cleft surfaces 
thrown together without any apparent regard to order or 
regularity, it will be found that the general delineation, 
when followed far enough, will show that the contours, 
whatever may be their local complexity and irregularity 
of outline, follow the same general direction as the main 
ridges of the sheet./ Along the intermediate shores, upon 
islands, or long arms rimning far out into the sea, where 
the. sandy knolls, or dunes and ridges, shift or change 
their outline under the influence of wind and tide, an ex- 
ception is found which calls for careful delineation, and 
the peculiar and striking character and forms of these 
should be portrayed with all possible exactness as an 
interesting and useful aid in the study of a correlative 
branch of geodesy. 

To the meteorologist and to the physical geographer 
the careful mapping of dtines is valuable, for, however 
familiar the locality may be, no eye-view can discover 
those recurring features which are found m the map of an 
extended district. 

If a sandy district is exposed to permanent or prevalent 
dry winds, travelling dunes will be found ; these are dis- 
tinguished from other hills by the contrast between the 
/ore slope (on the lee side,) which is steep, and the near 
slope (on the windward side), which is gradual. Succes- 
sive surveys on sandy coasts, where close attention has 
been given to the contours of the dunes, are of great value 
for comparison if every detail is carefully given. Even in 
places where the winds are uncertain, proper contouring 
discovers dunes which travel along the resultant of the 
forces, and in the direction of this resultant the great dip 
of the fore slope is found. . For such dunes the several 
slopes for different points of the compass are equally inter- 
esting. 
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On exposed points, projecting far into the sea, peculiar 
dunes, called gaUs, are found. They are long, ridges of 
sand, broken by slough-ways. It has been observed that 
sometimes these slough-ways are parallel. Correct and well 
contoured topographical maps of the localities where they 
are found would aid much in a study of this interesting 
subject. Contours only would discover their order and 
exhibit the material system, which could not be done by a 
representation by hachures. 

The delineation of bluffs along the shore should also, for 
like reasons, be carefully executed, and when it is possible, 
a representation of their slopes should be given. Bluffs, if 
worn by the waves, will usually exhibit three slopes : 
1 st, the caving slope at the top ; 2d, the talus ; 3d, the 
apron or flat, exposed wholly only at very low tides. The 
caving slope is sometimes perpendicular where tertiary 
country is being worn away— he ver where old * dunes are 
yielding. The talus is usually of selected material — stones, 
perhaps. The .talus and flat are generally wanting in 
bluffs worn by currents. 

As has been said, in no branch of surveying does so 
much depend upon skill, combined with good judgment 
and experience, as the faithful representation of hills over 
an extended and diversified area, and long practice and 
close observation only can give facility and accuracy in its 
execution. 

Various methods, more or less defective, in presenting 
a correct idea of elevations and depressions, have been 
contrived for topographical surveys ; but the graphic re- 
presentation of the successive gradations of level by means 
of horizontal lines, as at present employed in the Coast 
Survey, gives the nearest approximation to nature which 
has yet been devised, and when faithfully executed must 
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necessarily express very nearly, if not exactly, the shape 
and height desired. 

Contours, or horizontal curves, are the outlines of hori- 
zontal sections of ground at different elevations, with 
designated equal intervals between their planes, delineated 
in their true positions relatively to each other and the 
rest of the map, and agreeably to the scale of the map 
itself; or, briefly, a contour is the curve produced by the 
intersection of a horizontal plane with the surface of the 
ground. 

Perhaps contours may be described more simply as 
imaginary shore lines formed at stated or regular eleva- 
tions, by the water which is supposed to rise successively 
to these elevations over the face of the country. 

As each curve has equal vertical ordinates at all points, 
the elevation or profile of a hill, as well as a model in 
relief, can be constructed directly from the map when it is 
accurately executed on a large scale, without further field 
measurements. 

A profile of a hill is the outline or trace formed with 
its surface by a vertical plane cutting the hill in any direc- 
tion. 

The annexed diagram, from actual survey (Plate No. 5), 
shows the profile, through the line A'' B', of the hill H, as 
represented on a topographical map. The full parallel 
lines upon the profile represent successive heights, or sec- 
tions of the hill of twenty feet, and the broken or inter- 
mediate lines, XXX, those of ten feet. 

A reference to the letters upon the diagram is all that 
is necessary for a full understanding of the subject ; a is 
the shore line or high water mark upon the map, xxx 
are the auxiUary ten-feet curves, /^ the coincidence of 
curves upon the chart at the perpendicular face of the hill, 
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/ upon the section. This is the only case where contours 
of diflferent heights run into each other upon a topograph- 
ical plan* D', D' are depressions in the face of the hill 
represented on the profile by D, D ; df is a barranca or 
dry broken gully, and c' c' a water course. 

It will be plain that if we were to suppose the water to 
rise to a height of twenty feet above the high-water line, 
or to A on the profile, the twenty-feet curve upon the map 
would then become the shore line and the depression D^ 
would become a pond of water ; and if the water were to 
rise to a height of thirty feet, the dotted broken line would 
form the shore line, and the knoll G would become an 
island. 

Horizontal curves are drawn upon the map with the 
eye, after having obtained the heights, by means of which 
their positions are fixed, by the measurements of vertical 
angles with the arc of the alidade, or in detailed or special 
surveys, with the level. Where the slope is regular and 
tolerably steep, the tracing of them is attended with but 
little difficulty ; but where the rise is very gradual, giving 
large horizontal distances between the contours, even when 
the vision is unobstructed, or where the country is much 
broken or thrown into irregularly shaped knolls and de- 
pressions, presenting an intricate and confused variation 
of surface, the correct representation is, at times, very 
perplexing, 

As in some instances, owing to the smallness of the 
angle to be measured, the vertical arc cannot be relied 
upon for close determination of heights, and it is evident 
that the nearer to a level a country is, the nearer it is ne- 
cessary to obtain the exact elevation for the location of 
the contours, recourse to the level is indispensable. With 
the beginner the observations for elevation can hardly be 
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too firequent, and he should constantly bear this in mind 
while at work, as well as the necessity for leaving frequent 
well-marked points of reference wherever it is practicable, 
or will serve a useful purpose. 

When triangulation points are occupied, or positions 
are determined by the plane-table preliminary to the reg- 
ular work, — ^in fact, whenever any station is occupied, its 
elevation should be taken, as well as the heights of such 
other prominent points or objects as may be commanded 
from it. Then in using these in working by resection, the 
topographer has necessarily as many points of reference 
for the determination of height as he has for determining 
his position. 

It is well, also, to get observations for heights as often 
as possible upon or from the plane of reference or high- 
water mark, and advantage should be taken, whenever it 
presents itself, of observing from the shore line in wooded 
districts upon any detached openings which may present 
themselves, and also upon rocks or any other natural or 
artificial objects upon the sides of the surrounding hills. 

Whera the heights of certain points have been taken by 
the triangulation party, or a few prominent ones have 
been determined by the theodolite or level, they should 
be used as often as possible as points of reference. 

When hills are inaccessible, the determination from 
accessible points of both the positions and heights of 
objects upon them, such as trees, rocks, stiunps, etc., from 
which the positions and courses of the contours can be 
determined, should be sought for, and in thick forests the 
roads, paths, or the dry beds of streams may be found 
available for the use of either the vertical arc or level. 

Under certain conditions, as those of densely wooded 
heights and vales, inaccessible, precipitous ledges and 
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bluffs, etc., the operations of the surveyor are limited to 
an almost entire dependence upon the eye alone. This 
cannot be relied upon, of course, and should be avoided as 
much as possible. 

It is customary to represent on the usual Coast Survey 
field sheets, heights of twenty feet ; but occasionally, owing 
to marked accidents of ground, it is deemed advisable to 
insert an intermediate or auxiliary contour, the practica- 
bility of doing which, however, is sometimes interfered 
with by the small scale of the map, taken in connection 
with the exceeding steepness of the decUvity, giving rise 
to a liability of coincidence and confusion. The capability 
of representation in this respect depends, then, very much 
on the general nature and abruptness of the hills, as, 
where very steep, the larger the scale of the map the 
greater the number of curves which can be shown, as in 
the French survey of Paris, where equidistant horizontal 
contours are drawn at every two metres of elevation. 

Contours should be filled in from each station while car- 
rpng on the regular work, when it is possible to ascertain 
heights for that purpose, and in selecting positions for for- 
ward signals, and in prosecuting the work, reference should 
be had to the continuous and successive tracing of the con- 
tours on the map, both of those which are filled in at and 
'^ those from the station, as this will generally prove an 
economy of time, and the work can be executed with more 
facility. When the operator is at a station whose eleva- 
tion has been accurately determined, lines should be taken 
to objects of equal height in all directions, and marked to 
that effect, subsequent intersections giving their positions \ 
this will be found of great assistance in running contours^ 
and as checks. Care should be taken in sighting to dis- 
tant Objects to allow for the curvature of the earth. 
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With regard to the method of putting in contours from 
the base of the hill upward, or vice versa, opinions diflfer — 
some preferring one course, some another ; but if the start- 
ing point be correct, it makes but little difference. Nei- 
ther of these systems should be specially adopted, but the 
peculiarities and demands of the other topographical fea- 
tures should be considered, and the work should be done 
so as to c*ry on both simultaneously and to the best ad- 
vantage. It frequently happens that a piece of work is 
done in one part of a sheet, and then it becomes necessary 
to work in another, in which case the first, where heights 
are well determined, serves a good purpose as a check ia 
closing. 

When, as often happens, the work has been carried on 
in a wooded country, in a place where observations have 
not been taken for a long time, the importance of coming 
out upon. some fixed point is evident. 

If this is impossible, as is sometimes the case, as in the \ 
filling in of the topography in dense woods, in a rolling \ 
country, where the operator is confined perforce to the 
roads, frequently with very short sights, and there is no | 
check to come out upon ; or when the work closes on the | 
edge of the sheet, the use of the level in the hands of an j 
aid, though consuming time, is indispensable. 

The determination of the heights of artificial features, 
such as fence cbrners, houses, etc., as an stssistance in con- 
touring, should not be neglected.^ • 

When the contour runs very near any remarkable acci- 
dent of ground, as a prominent spur or indentation, on 
general field maps of loioo scale, a slight deviation above 
or below its true plane is admissible, although it is prefer- 
able to represent it by the introduction of the auxiliary 
curves, as shown in the sketch. 
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It is very desirable that all features within the twenty 
feet curves, such as breaks in the ground, isolated bould- 
ers, rocks, etc., which cannot be legitimately represented 
by auxiliary curves, should be shown by hachures or con- 
ventional signs. When the rocks have a distinct stratifica- 
tion, or when cleft in certain directions, it should be indi- 
cated, if they or the scale of the map be suflBciently large 
to warrant it. 

It may happen that at certain points certain small fea- 
tures, which are unimportant in themselves, may interfere 
with the development of the general form of the contours, 
or their introduction may tend to produce confusion ; these 
are best omitted, but this omission should be optional only 
with the practical hand. It is a dangerous precedent ta 
give latitude in this respect to a beginner. 

When there is an abrupt rise, as in low bluflfs, railroad 
embankments, etc., not above ten feet in height, on a scale 
of Tsiiru, it should be marked by hachures always tapering- 
downwards, and all hachures should, in their direction, 
follow the downward flow of water or alluvion. 

Depressions of the ground in the midst of level tracts, 
or upon tops or slopes of hills, unless distinguished by 
ponds or marsh, should be marked with the letter D in 
red. 

The distinct summits of hills should be marked in figures 
when they form characteristic or remarkable features of 
the country. 

In measuring for heights or depressions with the alidade, 
the plane-table is carefully levelled and firmly clamped, the 
telescope is directed toward the point of observation, and. 
moved until the cross-hairs are in the same vertical plane 
as the observed object. The telescope is then clamped by 
means of the screw at the top of the arms of the verticaL 
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arc, and the central cross^hairs, at or near their interBec- 
tion, are brought to cover the observed point by means of 
the tangent screw attached to the graduated arc. The 
angle read, the distance between the occupied point and 
the observed point measured on the map, and the height 
is taken from the table, which is appended. 

Example. — Observations for height at an occupied ^one-table station. 



SuBom Obbstbd. 



Shore signal (angle of depression) 
Smith's Hill (angle of elevation).. 
Black Bock (angle of depression). 



Mean height of Station. 
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193.4 
195.$ 
191.6. 



193.4 



Detail (f use of table of heights. 

Shobb Signal : 

I* 50^ for 1,700 metres =179.00 feet 

1^ 50^ for 50 metres = 0.1 of 500 metres = 5.26 feet. 

1^ 50^ for 6 metres = 0.01 of 600 metres » .63 feet 

0<> 07^ for 1,700 metres « 12.10feet 

' 0® 07^ for 50 metres. • « .34 feet 

0*» 07^.- 6 6 metres = .04 feet 

Total ^ 197.37feet 



In these observations three stations at least should be 
observed upon when practicable, and the mean adopted. 
Of an instrument at times unavoidably subject to such 
rough usage as the alidade, the adjustment of the vertical 
arc should be frequently examined. 
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A material advantage in the attachment of the longitu* 
dinal level to the alidade would be found in the facility by 
which the instrument could then be used as a level in fol- 
lowing outlines of equal elevation, and would be particu- 
larly serviceable on gradually sloping ground.* 

A formula for computation of heights, which may prove 
of service where no table of heights is at hand, is ap- 
pended. 

When, as is sometimes the case, a surveyor's level is 
employed, the determination of the position of the level 
pegs by the plane-table on the sheetis all that is necessary, 
and the contours can be readily traced. 

Barometric heights are admissible for approximate con- 
tours in reconnaissance where only a general survey of 
hills or of ranges of hills is expected. 

In using the aneroid barometer, in ordinary reconnais- 
sance, it will suflBce to allow ninety-two feet of elevation 
for every 0.1 of an inch fall of the index. This allowance 
is for a mean temperature of the two stations of 55° 
Fahrenheit, and will vaiy with the temperature. 

Leslie's formula, simple and easily remembered, is a 
good approximation below 2,000 feet, and convenient for 

aneroid observations, viz. : 55,000 X -p . ; = height in feet, 

B being the upper, and b the lower, reading of the ane- 
roid. This is likewise for mean temperature of 55°. 

A very convenient instrument for a tolerably close loca- 
tion of contours, when carefully employed, is Locke's hand- 
level, which can be readily carried in the pocket, it being 
requisite only to know the height of the eye from the 
ground, and for the observer to stand equally erect at all . 

* This has been attached to the recently made alidade. 
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points of observation, or to hold the level at 
height upon a measured staff. 

Formula for determining heights by a vertical angle and dis' 
tance. — The difference of level consists of two parts — that 
which rises from the angle of elevation above the horizon- 
tal plane of the station, and that which is due to the cur- 
vature of the earth. The former depends upon the angle 
and distance, the latter upon the distance and the earth's 
radius. If a' be the angle of elevation in minutes of 
arc, d the distance, h the height, then, as the tangent of 
V is sAt, we have for the first part h = ^isr a' X eZ, if A 
and d are both expressed in the same units of length ; but 
if d is expressed in metres and h in feet, one metre being 
3.28 feet, we get h = tst^ a' d. For the fraction -nhis we 
may conveniently and with sufficient accuracy put -nnnr less 
4»of TpW, and thus find the rule : — Multiply the distance in 
metres with the number of minutes of arc, point off the thou^ 
sandth part, and substrad the twentieth part of the number 
thus obtained. This will give the first portion of difference 
of height, Vhether elevation or depression. 

The second term, depending on the curvature, varies as 
the square of the distance, and amounts to 0.22 foot in 
1,000 metres, including the effect of ordinary refraction. 
As with the instruments under consideration extreme accu- 
racy is not attainable, it is plain that for distances under 
1,000 metres this term may be neglected. When the 
distance is greater we have the following rule : — Tahe the 
thousandth part of the distance in metres, square the same, 
having regard to the first decimal figure, and multiply by 0.22. 
This term is always positive ; if the first term be an eleva- 
tion, it is increased ; if a depression, it is diminished by the 
second term. 
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JSbsamjpk. — ^Distance = 6,500 metres ; angle of elevation 



36^ 



tAht dx a' = 198.000 
subtract lAr 9^9 



first term 
second term 

sum 



188.1 
6.6 



TiAnr d — 5.5 

square = 30.2 
multiply by 0.22 



second term 6.64 



194.7 =diflFerenceof elevation in feet. 



i^ 



The above formula is near enough for distances up to 
ten and fifteen miles, and will not differ by as much as a 
foot from the result of a rigorous formula ; in fact, it will 
keep within the limits of uncertainty of the refittctioa 
itself. 
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Chain. — However frequent may be the number of bases 
furnished by the secondary triangulation, and however 
serviceable as a substitute in the measurement of distances 
the telemeter may have proved itself, we cannot entirely 
dispense with the chain ; and as the circumstances under 
which its use is rendered necessary are mentioned else- 
where, it is only requisite to give a short description of 
the one employed in the Coast Survey. It is twenty 
metres long, and consists of that number of pieces of stout 
iron or steel wire, each piece or link being exactly one 
metre in length, and connected at either end with the next 
by being bent into an eye, through which passes a ring 
connecting it with the eye of the following link. For con- 
venience of carriage these links are subdivided into lesser 
ones in some chains; but the advantage resulting from 
this is questionable, as the rupture almost invariably 
occurs at the joints, and multiplying them of course in- 
creases the liability to breakage ; besides, the ** kinking," 
or tendency to overlap or double, is also increased in pro- 
portion to the number of joints. On the other hand, it 
may be said that the bending of the links is decreased in 
proportion to their shortness. 

At each extremity of the chain is a large ring, which 
slips over a staflF held in the hand of the chain-man, and 
rests upon a projecting rim at the pointed iron shoe at its 
base. The centres of these rings at the ends of the extended 
chain are the extremities of a line of twenty metres, and 
the points at which the pins should be inserted during the 
chaining. 

As the strain constantly exerted upon the chain to 
straighten it must finally lengthen it by the ** giving " of 
the rings, or as it may at times be shortened when the 
links are bent by being drawn over fences, rocks, or other 
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unyielding obstructions, it is well to test it occasionally by 
a careful verification. Grave dijfficulties have arisen where 
dependence has been placed entirely upon long chained 
distances from a neglect of this source of error. 

Adjusting screws are attached to the terminal rings of 
some of the chains, by which any error of length can be 
corrected. If a line of great length has been measured by 
an incorrect chain , the error in the line should be ascer- 
tained from the known error of the chain, and the plotted 
line corrected accordingly. 

Each chain is accompanied by the usual number of pins, 
and a spring wire triangle for carrying them. The pins 
are also made of stout wire, about 18 inches long, pointed 
at one end, and bent into a ring at the other. It is well 
to attach white cotton or red flannel rags to the ring of 
each pin, that the rear chain-man may distinguish it more 
readily in high grass, marsh, bushes, etc., and also at the 
ends of the five, ten, and fifteen metre links of the chain, 
for facility in counting. These rags should be changed as 
they become soiled. 

Care should be exercised in the selection of intelligent 
chain-men, since it is often upon the precision of their 
work that the correctness of the survey in a great measure 
depends, and it is not always convenient or practicable for 
an assistant to accompany them^. The better man of the 
two should be placed at the rear end of the chain, as he is 
the most responsible, and the forward man should implicitly 
obey his instructions. In all important places, however, 
such as closely settled districts, villages, and towns, in the 
measurement of baselines or distances upon which anything 
of mark may depend, an aid should go with the chain and 
check the records of the men. 

When chaining is done in connection with the plane- 
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:f. " table and the station is reached, the chain should be 

• ' ' drawn sufficiently beyond and clear of the table to be 

out of the way, so that if more chaining is contemplated 

it does not have to pass between the legs of the instru* 

ment. 

With the class of young men usually employed as chain- 
men in the Coast Survey parties, it has been found safe 
and serviceable, after a little experience, in the absence of 
an aid, to have the rear man keep a chain-book, in which 
he notes all the crossings of high and low water, intersec- 
tions of brooks, fences, roads, etc., with rectangular oflFsets 
to all reasonably accessible points on either hand, includ- 
ing bottoms and tops of slopes, the record of tallies, and 
such other matters as may be needed, and may serve to 
assure accuracy in case of unfavorable intersections. 

It is the habit with some, in obtaining short distances 
to comparatively unimportant objects, to resort to pacing, 
and practice enables one to ascertain thus the distances 
sufficiently close for plotting on a -nrJinr scale ; but these 
distances should never be great, and the topographer 
should be well assured of the accuracy of the pace. The 
use of the telemeter, however, may take the place of this 
method. 

All distances to objects on either side of the chain Une 
should be taken by oflFsets at right angles to it, and the 
book of the aid should, as far as possible, be so held that 
the line drawn as his guide in sketching should be in the 
same direction as the chained line itself, the better to 
enable him to draw his objects in their true relative 
positions. 

Where great accuracy is necessary the length of a grad- 
ual slope may be measured and the angle of inclination 
taken with the vertical arc, with repetitions, and the meas- 
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xirement made reduced to the horizon by means of the 
following formula : 

Let y be the length of the line measured upon the 
slope, 6 its angle of inclination, and x its length reduced 
to the horizon ; then-^ 

X:=y cos 6. 

The excess of y over x may be computed by the formula, 
y—x=2y Qin^ 2 

On very large scales, when parts of a metre are per- 
ceptible, Payne's tape, consisting of a narrow steel ribbon, 
which can be marked for minute distances, has been 
employed to advantage. It is convenient, also, for rapid 
reconnoissance in miUtary surveys, and has been used un- 
der fire almost at double quick. Under these circumstan- 
ces three men were employed, the usual back and forward 
,chain-man, with another to stand by the pins when stuck 
until about half the chain had passed, then, by pointing to 
indicate the position of the pin to the back chain-man, and 
run forward in time to find, without diflSculty, the forward 
pin, and also to change the pins at each tally. This tape 
will not stand as rough handling as the chain, and cannot 
be repaired in the field when broken, while the latter can 
lose one or more of its links and still be of service. The 
easy obliteration of the marks measured upon it by attri- 
tion has also been found a source of diflficulty. All things 
considered, however, it is a very useful, compact, and 
handy instrument. 

Many instances showing the remarkable accuracy with 
which the chain can be employed with the plane-table 
might be given from the reports of the officers of the Coast 
Survey ; but it must be remembered that it is only to be 
used when other means are impracticable. 
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Telemeter. — ^In consequence of some of the 
tages resulting from the employment of the chain, among 
which are the necessity of frequent dependence for correct 
distances upon the chain-men, the number of persons re- 
quired, the time consumed m its management, and the 
impediments to its use found in the features of some sec- 
tions of country, another instrument, styled the telemeter, 
has been advantageously introduced in the topographical 
work of the Coast Survey. 

It appears that instruments of this class were at first 
generally regarded by scientific men as merely ingenious 
inventions, and not as valuable in most respects as the 
ordinary method of chaining, the filling in of details form- 
ing a principal exception. From the experience of its use 
by the officers of the Coast Survey, however, it has been 
satisfactorily ascertained that the rapidity with which the 
details of a survey can be determined and sketched, the^ 
smaller number of men necessary to be employed, and that 
whatever errors may occur rest with the observer only, 
and the facility in using it in places where the use of the 
chain is impracticable, or at best difficult, render the tele- 
meter a very important acquisition. It is not considered 
that it will ever entirely supersede the chain as a measur- 
ing instrument, but it is undoubtedly a facile and useful 
substitute under certain conditions!. 

The telemeter, as used in the Coast Survey, is simply 
a scale of equal parts, painted upon a wooden rod about 
10 feet long, 5 inches wide, and li inch thick, so gradu- 
ated that the number of divisions upon it, as seen between 
the upper and lower horizontal wires of the telescope, is 
equal to the number of units in the distance between the 
observer's eye and the rod held at right angles to the line 
of sight. 

In all cases the telemeter should be graduated experi- 
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mentally for the particular instrutnent and eye of the 
observer who has it in use. 

The horizontal wires in the diaphragm of the 
telescope should be accurately adjusted, and the 
divisions of the telemeter made to correspond 
•^<ia1 ^^ length with the distance included between 
5J12vl the upper and lower wires of the telescope at a. 
carefully measured distance, and then divided 
into as many equal parts as thet*e are units in 
the distance measured. 

For convenience of transportation it can be 
hinged in the middle, and secured on the side 
when in use, by a sliding bolt ; and as it is ne- 
cessary, when observed upon, that it should be 
held accurately at right angles to. the line of 
sight, a small brass movable bar, with sights or 
a groove upon its upper edge, should be fixed 
upon the side of the rod at a convenient height 
for the eye of the. rodman, and which, when in 
position, will be perpendicular to the plane of 
the telemeter and directly in the line of sight 
of the telescope. 

The correctness of the telemeter depends upon 
the closeness of the reading, and the accuracy 
with which the rod is held perpendicularly to- 
the line of sight. 

With ordinary care an error of reading should 
not occur even at the greatest distance denoted 
on the rod. With the observations carefully 
made, and the reading of the rod reduced to a horizontal 
plane, the greatest distance given by it — as usually 
divided — can be relied on as practically correct. There 
is no sensible error at any distance greater than 20 
metres and less than 260, and, generally speaking, the 




TOPOGBAPfflOAL SURVEYING. 



71 



telescopes of the Coast •Survey alidades have not sufficient 
reading power beyond 400 metres, but it will generally 
be safe to rely upon it for any distance from 15 to 300 
metres, beyond which it cannot be read with accuracy 
for use in constructing a map on a scale of iooo tt. 

The telemeter has been recommended for use in a great 
variety of cases where it becomes necessary to determine 
distances, in such close filling in as the comers of streets, 
wharves, etc., determination of all classes of detail, in 
traverse, shore line, and even the establishment of posi- 
tions, but in the latter it is safe only to depend upon good 
intersections. It has been employed, however, in all 
manner of detail, and is preferred by some to the chain, 
in all cases save in compactly built streets, and on long 
lines, where the distances are so great that the telescope 
will not admit of the accurate reading of the rod. It is 
maintained by some that where only a single point is to 
be seen, positions can be reajiily and accurately deter- 
mined. 

For the reduction of the hypothenuse to the base, the 
following table is given. 

T(Me for reduction of hypothenuse to base. 



AaooM, 




HTPOTHSVUSa. 


- 




100 Metres. 


SOOHetNB. 


800 Metres. 


400 Metres. 


000 Metros. 


6<» 


99.62 


199.24 


298.86 


398.48 


498.10 


1Q9 


vo«4o 


196.96 


295.44 


393.92 


492.40 


W 


96.59 


193.19 


289.78 


386.37 


482.96 


20* 


93.97 


187.94 


281.91 


375.88 


469.85 


250 


90.63 


181.26 


271.89 


862.52 


453.15 


SO® 


86.60 


173.21 


259.81 


346.41 


433.01 


85® 


81.92 


163.83 


245.75 


327.66 


409.58 


40® 


76.60 


153.21 


229.81 


806.42 


383.02 


45« 


70.71 


141.42 


212.13 


282.84 


853.55 
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Reoonnoissange. — The term reconnolssance, as applied 
to topography, is a somewhat indefinite one, or rather it 
might be said it is very comprehensive. When there is 
any deviation from the closest attainable accuracy in a 
finished plane-table sheet, it becomes, strictly speaking, a 
reconnoissance map, and the rudest sketch of a country in 
w^hich the features are delineated in rough approximation, 
which for certain temporary purposes is all that is needed, 
is likewise so called, so that in executing this kind of work 
with the plane-table there is much left to the judgment of 
the topographer. The amount of accuracy and closeness^ 
of detail required depends solely upon the object for 
which the survey is undertaken, and the time and expense 
allotted to its completion. It is always best, however, ta 
strive for the greatest precision which the circumstances 
will allow, particularly as the sheet may at some future 
time become available for other objects than that origin- 
ally intended. 

To the practical surveyor it is unnecessary to give any 
rules for his guidance, as his knowledge of the plane-table 
and of the requirements of the special work which he is 
called upon to perform will enable him to execute it 
promptly and satisfactorily. To the beginner, however, a 
few words on this subject, together with a statement of 
some of the results of the work accomplished by the Coast 
Survey officers, may not come amiss. 

The recent war has shown in a forcible manner how 
little accurate information there was with respect to the 
topography of the interior of many of our Middle and 
Southern States,, and the want of a sufficient number of 
topographers in the regular army was supplied, in answer 
to the calls of the War Department and various generals 
in the field, from the Coast Survey ; and in almost every 
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field of operations from the commencement of the war to 
its close, the plane-table was used. 

Until this time very little was known, save in theory, 
of the value of the plane-table as a reconnoitring instru- 
ment, and it is the testimony of all the oflScers of these 
parties, as the result of their labors, that for rapidity and 
accuracy in the execution of military reconnoissance it is 
more eflfective than any other instrument. 

The usual system adopted, in default of triangulation^ 
was the measurement of a base with an ordinary chain and 
triangulating with the plane-table. 

In detailed iSurveys for the army, where a topographer 
averages about a square mile a day, a chained base of from 
one-half to three-quarters of a mile for the survey of an 
area of twenty-five square miles, is found sufficient. 

At Chattanooga, from two diflferent bases of about half 
a mile each, plotted on separate sheets, and measured once 
carefully with the common 20-metres chain, the same chain 
being used for both measurements, after considerable in* 
termediate plane-table triangulation, carried on by two 
officers, two objects were determined two and a half miles 
apart, common to both sheets, which were on a scale of 
loioo , and the discrepancy was but about 15 metres. Many 
other points of junction indicated this to be the maximum 
error. In this case the leaves were mostly off the trees, 
and the hills afforded good points. The sheets covered 
about twenty square miles each. At Nashville there was 
a discrepancy of about 10 metres in two miles. This 
would not do, of course, in finished work, but it is very 
close under the circumstances. 

At other times, when the character of the country or 
the pressure of time did not admit of the measurement of 
a preliminary base and topographical triangulation, the 
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work was commenced by starting from a single point, and 
prosecuted by linear measurement with the chain, inter- 
sections from the ends of the chained lines being taken to 
determine objects, which, as the work progressed, could 
also be used as checks upon the chaining. Where circum- 
stances permitted, an occasional return with the chain to 
a back point, either to close a series of lines upon it or to 
start afresh, was resorted to. This work was generally 
carried ori over roads, and the interior filled in by sketch- 
ing and intersections, as far as practicable. Some of the 
tests in this latter work, where the operations of two offi-^ 
cers joined, were remarkably close. 

It is estimated that with the usual number of hands and 
a good sketcher for aid, in a county of average variety of 
detail, in which all the houses, prominent bams and out- 
buildings, streams, roads, general outline of woods, and 
approximate curves are to be shown, on a scale of loooo , 
an area of between two and three square miles can be 
filled in daily, with not only sufficient accuracy for military 
purposes, but so that an accustomed eye with * * the map 
in hand would not discover any marked discrepancy." 

This rapidity of work, however, could not be expected 
in or near towns or populous districts. It is doubtful if 
the average work would reach more than one-half this 
amount. 

In some thickly wooded sections, and where time is^ 
limited, it has been found advisable to run the main roads 
with the plane-table, and fill in with the compass, whicL 
is more rapid but less accurate than where the entire 
work is done with the plane-table alone. The usual 
method employed, where these instruments were com- 
bined, was as follows : — ^Where the army was stationary, 
or moving leisurely, one main road was run with the- 
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plane-table, the operator being accompanied by assistants 
well practised in the use of the compass. Upon arriving 
at any important road or water-course, an assistant waa 
sent to the right and left, starting from a plane-table 
point, determined' by the chaining, and -running as far as 
was requisite, and then returning to the main road again 
to repeat the operation, the compass notes, of course, 
being kept in a book prepared for the purpose. Promi- 
nent points determined by the plane-table were* used as 
checks in the compass work. The intervening topography, 
where no compass or plane-table work had been done,, 
was sketched in by the chief of the party, in which accu- 
rate pacing became of great service. 

Office Work. — All the drawing of the topographical 
features of a survey upon the chart should be pencilled in 
the field, while they are still under the eye. Sketching 
and plotting in the office from notes, unless the country 
be near at hand for ready reference in case of doubt or a 
defective sketch, is objectionable. Where this is unavoid- 
able the sketch should be transferred to the sheet as soon 
as possible after having been taken,^ while it is fresh in the 
mind of the person by whom it was made, and by whom, 
also, if possible, it should be plotted. Days which, from 
inclemency of the weather, are unfavorable for out-of-door 
work, should be allotted to this purpose, and advantage^ 
should be taken of them, also, for retouching any details, 
of the sheet which may have become indistinct, as it is 
very important that they should not be left indefinite or 
become obliterated ; for when the inking is done, as it 
generally is, at a distance from the field of operations, the 
necessity for this cai'e is obvious. Nos. 4 and 5 pencils 
are good for this purpose, for which very hard or very 
soft and black pencils are equally unsuited. 
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In the inking of a topographical sheet three requisites 
to its proper appearance when finished should be borne in 
mind : — clearness, neatness, and uniformity. 

The lines and objects should be clean and sharply 
defined, nothing being left obscure or doubtful ; the 
paper should be kept unfeoiled, and erasures avoided 
as far as possible, and the style and strength of the 
drawing should be the same throughout. It is an impor- 
tant matter that an easy and natural appearance should 
be given to the map, for, as before remarked, a mere rigid 
adherence to conventional signs is not all that is necessary j. 
while there should be no deviation in this respect, at the 
same time the draughtsman should strive to represent th^ 
courdry. There is a great difference with regard to this 
among topographers. Two perfectly correct charts of the 
same section of ground, executed by different persons, 
may be inked, and while one will have a stiff and ungrace- 
ful look, the other will appear artistic and natural, giving 
at once the impression of a sincere representation of the 
country surveyed. 

Office work should not be commenced until the topog- 
raphy is entirely completed, as no inked or partially 
inked chart should ever be used in the field. Sometimes, 
for the special examination of old work, or for the inser- 
tion of some recent artificial or natural changes, this be- 
comes necessary. There is always a risk of injuring an 
inked map by exposure to the weather or by using it upon 
a plane-table. 

The inking should commence with the shore-lines, high 
and low water. The high-water, or shore-line proper, 
should, in all cases, be full and black, the heaviest lines 
on the sheet, and in this, as in all the rest of the ink- work ^, 
the lines of the survey should be strictly adhered to. 
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The topography as drawn in the field is supposed to be 
correct when the chart is finished, and no office amend- 
ments or changes are admissible. The low-water line is 
next drawn, not so full as the former, but clear, black, and 
uniform, consisting of a dotted line for sand and mud, and 
the conventional sign where it is formed by shells, rocks, 
or coral reefs. 

Grass upon flats, or shoals covered at high tide, have 
no distinct continuous line to mark their limits, each being 
represented in its proper form and within its area by its 
conventional sign only, but the shape should be well and 
correctly defined. All objects between high and low 
water, covered at full tide, should be represented less 
boldly than the rest of the map, but not faintly or indefi- 
nitely. 

,r^ The roads should next be inked, plainly and evenlj, 
with parallel sides, except where the survey shows a devi- 
ation from the general width. Where a road is fenced the 
fence should be shown by the usual sign, and where there 
is no enclosure a dotted line should indicate the road-side, 
and then should follow the fences and houses. In draw- 
ing the latter, care lAust be taken that the corners and 
angles exhibit a sharp, clear outline, which adds much to 
the appearance of the map. 

The general skeleton of the survey being now com- 
pleted, the contours are drawn with a bold, uniform, plain, 
red line, without break, over all the other work, following 
accurately the full range of level of each of the contours 
on the sheet. 

After this comes the general filling in, by conventional 
signs, of sand, marsh, grass, cultivation, orchards, rocks, 
hachures, etc. Some practice is needed to execute the 
sand-work regularly and neatly. It should never be hur- 
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riedly done, though, of course, rapidity in this respect fol- 
lows practice. The lines representing marsh, and the 
delineation of grass on the fast land, should always run in 
the same direction over the whole sheet, and be parallel 
to the top of the sheet and the title. The appended 
drawing (Plate No. 6 ) gives the conventional signs as 
adopted by and now used in the Coast Survey. 

The most difficult part of the inking for a beginner is 
the lettering, which now follows, and for which samples 
are given (Plate No. 6 ). It is expected that every topog- 
rapher shall have learned to draw sufficiently well to ink 
his sheet in a clear and distinct manner, and letter it with 
some regard to neatness and graphic effect, as the appear- 
ance of an otherwise well-inked sheet is sometimes marred 
by careless or indifferent lettering. 

The location of the names upon the sheet should be 
such as to not cover or obliterate any detail or feature of 
the survey, and the letters should be put in neatly and 
gracefully, and in point of size and form according to the 
specimens furnished. The title should finally follow, with 
such notes as may be necessary to explain any peculiarity 
of the sheet or survey. This title and lettering should, as 
far as practicable, be so placed that when the sheet is held 
with the top (usually the north or east end of the map) 
from you it can be easily read ; in other words, as nearly 
parallel to the top or upper end of the sheet as the nature 
of the work will admit. All names well established and 
recognized in a neighborhood, both general and local, 
should be collected during the survey, and their correct 
orthography ascertained, and^ in case of any doubtftil or 
disputed orthography, a report should be given of any tra- 
ditions or any authorities which may bear upon the sub- 
ject. No illuminated or German text, old English, or what 
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U known „ .. fancy printing," *o„ld be indulged in, a 

strict adherence to simplicity being maintained. 

The minutes of the parallels of latitude and meridians 
of longitude should be marked in figures at the upper and 
right-hand ends, respectively ; the degrees, on the centre 
parallel and centre meridian only. 

Where the buoys are determined by the topographer, 
and their names, colors, numbers, or kind are known, they 
should be lettered upon the map. 

The triangulation points should also be lettered, first 
being surrounded by a small circle. The magnetic meri- 
dian should be drawn with a* half fleur-de-lis at its head, 
and the true meridian, where no projection is used, with , 
a full one. 
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is' Lowell Hydraulics. 

ThiTd JEdiHoH. 

4to. Cloth. $15.00. 

LOWELL HYDEAULIC EXPERIMENTS — being a Selec- 
tion fix)m Experiments on Hydraulic Motors, on the Flow of 
Water over Weirs, and in Open Canals of Uniform Bectan^ular 
Section, made at Lowell, Mass. By J.'B. Francis, Civil Engineer. 
Third edition, revised and enlarged, including many New Ex- 
periments on Gauging Water in Open Canals, and on the Flow 
through Submerged Orifices and Diverging Tubes. With 23 
CQpperplates, beautifully engraved, and about 100 new pages of 
text. 

The work is divided into parts. Pabt L, on hydraulio motors, includes 
ninety-two experiments on aa improved Fonmeyron Turbine Water-Wheel, 
of about two hundred horse-power, with rules and tables for the construction 
of similar motors; thirteen experiments on a model of a centre-vent water- 
wheel of the most simple design, and thirty-nine experiments on a centre-vent 
water-wheel of about two hundred and thirty horse-power. 

Pabt XL includes seventy-four experiments made for the purpose of deter- 
mining the form of the formula for computing the flow of water over weirs; 
nine experiments on the effect of back-water on the flow over weirs; eighty- 
eight experiments made for the purpose of determining the formula for com- 
puting the flow over weirs of regpilar or standard forms, with several tablet 
of comparisons of the new formula with the results obtained by former experi- 
menters; five experiments on the flow over a dam in which the crest was of the 
same form as that buUt by the Essex Company across the Merrimack Biver at 
Lawrence, Massachusetts; twenty-one experiments on the effect of observing 
the depths of water on a weir at different distances from the weir ; an exten- 
sive series of experiments made for the purpose of determining rules for 
gauging streams of water in open oaaals, with tables for facilitating the same; 
and one hundred and one experiments on the discharge of water through sub- 
merged orifices and diverging tubes, the whole being fully illustrated by 
twenty-three double plates engraved on copper. 

In 1855 the proprietors of the Looks and Canals on Merrimack Biver oon- 
santed to the publication of the first edition of this work, which contained a 
selection of the most important hydraulic experiments made at Lowell up to 
that time, la this edition the principal hydraulic experiments made there, 
subsequent to 1855, have be^m added, including the important series above 
mentioned, for determining rules for the gauging the flow of water in open 
eanals, and the interesting series on the flow through a submerged Yenturi^s 
tube, in which a larger flow was obtained than any we find recorded. 
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Williamson's Meteorological Tables. 

4to. Flexible Cloth. $2.50. 

PRACTICAL TABLES IN METEOROLOGY AND HYPSO- 
METRY, in connection with the use of the Barometer. By Col. 
R S. WiLLiAMsojsr, U. S. A» 



MerriU's Iron Truss Bridges. 

Third Edition. 

4to. Cloth. $5.00. 

IRON TRUSS BRIDGES FOR RAILROADS. The Method of 
Calcnlating Strains in Trusses, with a careful comparison of the 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel William E. Merhill, U.S.A., 
Major Corps of Engineers. Nine lithographed plates of illustra- 
tions. 

'' The work before us is an attempt to ^ve a basis for sound reform in this 
feature of railroad engineering, by throwing * additional light upon the 
method of calculating the maxima strains that can come i:^>on any part of a 
bridge truss, and upon the manner of proportioning each part, so that it shall 
be as strong relatively to its own strains as any other part, and so that the 
entire bridge may be strong enough to sustain several times, as great strains 
as the greatest that can come upon it in actual use.' " — Scientific American. 

'* The author has presented his views in a clear and intelligent manner, and 
the ingenuity displayed in coloring the figures so as to present certain facts 
to the eye forms no inappreciable part of the merits of the work. The reduc- 
tion of the * formuhe for obtaining the strength, volume, and weight of a cast- 
iron pillar under a strain of compression,' wiU be very acceptable to those who 
have occasion hereafter to make investigations involving these conditioi^. As 
a whole, the work has been weU done." — Bodlroad Gazette, Chicago, 



Allan's Theory of Arches. 

18mo. Boards. 50cts. 

THEORY OP ARCHES. By Prof. W. Allan, formerly of 
Washington and Lee University. Illustrated. 

" This little volume is an amplification and explanation of Prof. Bankine's 
chapters on this subject. " 
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Shreve on Bridges and Boofs. 

Svo, 87 wood-cut illustrations. Cloth. $6.00. 

A TREATISE ON THE STRENGTH OF BRIDGES AND 
ROOFS— comprising the determination of Algebraic formulas 
for Strains in Horizontal, Inclined or Rafter, Triangular, Bow- 
string, Lenticular and other Trusses, firom fixed and moving 
loads, with practical applications and examples, for the use of 
Students and Engineers. By Samuel H. Shbeve, A.M., Civil 
Engineer. 

•'On the whole, Mr. Shreve has produced a book which is the simplest, 
clearest, and at the same time, the most systematic and with the best math- 
ematical reasoning of an/ work upon the same subject in the language." — 
Bailroad Gazette, 

" From the unusually clear language in which Mr. Shreve has given every 
statement, the student will have but himself to blame if he does not become 
thorough master of the subject/' — London Mining Journal. 

" Mr. Shreve has produced a work that must always take high rank as a 
text-book, ♦ ♦ * and no Bridge Engineer should be without it, as a 
valuable work of reference, and one that will frequently assist him out of 
difficulties." — Franklin Institute Journal. 



The Kansas City Bridge. 

4to. Cloth. 16.00 

WITH AN ACCOUNT OF THE EEGIMEN OF THE MIS- 
SOURI RIVER, and a description of the Methods nsed for 
Founding in that River. By 0. Chanute, Chief Engineer, and 
Geoege Moeison, Assistant Engineer. Illustrated with five 
lithographic views and twelve plates of plans. 

Tlkcstrations, 



Views.— View of the Kansas City 
Bridge, August 2, 1869. Lowering 
Caisson No. 1 into position. Caisson 
for Pier No. 4 brought into position, 
yiew of Foundation Works, Pier No. 
4. Pier No. 1. 

Plates. — I. Map showing location 
of Bridge. 11. Water Record— Cross 
Section of River — Profile of Crossing 
— ^Pontoon Protection, m. Water 
Deadener — Caisson No. 2 — ^Founda 



tion Works, Pier No. 3. IV. Foundar 
tion Works, Pier No. 4. V. Founda- 
tion Works, Pier No. 4. VI. Caisson 
No. 5— Sheet Piling at Pier No. 0— 
Details of Dredges — Pile Shoe — Beton 
Box. VII. Masonry — Draw Broteo- 
tion — ^False Works between Piers 3 
and 4. VIII. Floating Derricks. 

IX. General Elevation — 176 feet span. 

X. 248 feet span. XL Plans of Draw. 
XTT. Strain Diagrams. 
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Clarke's Quincy Bridge. 

4to. Cloth. 17.50. 

DESCRIPTION OF THE IRON RAILWAY Bridge across the 
Mississippi River at Quincy, Illinois. By Thoicas Cubtis Claeke, 
Chief Engineer. Illustrated with twenty-one lithographed 
plans. 



Barba on the Use of Steel. 

12mo. Illustrated. Cloth. |1.50. 

THE USE OF STEEL IN CONSTRUCTION. Method of 
Working, Applying, and Testing Plates and Bars. By J. 
Barba, Chief Naval Constructor. Translated from the 
French, with a Preface, by A. L. Hollet, P.B. 



Whipple on Bridge Building. 

8yo, Illustrated. Cloth. $4.00. 

AN ELEMENTARY AND PRACTICAL TREATISE ON 
BRIDGE BUILDING. An enlarged and improved edition of 
the Author's original work. By S. Whipple, C. E., Inventor of 
the Whipple Bridges, &c. Second Edition. 

The design lias been to develop from Fundamental Principles a system easy 
of comprehension, and such as to enable tiie attentive reader and student to 
judge understandingly for himself as to the relative merits of different plans 
and combinations, and to adopt for use such as may be most suitable for the 
oases he may have to deal with. 

It is hoped the work may prove an appropriate Text-Book upon the subject 
treated of, for the Engineering Student, and a useful manual for the Practic- 
ing Engineer and Bridge Builder. 




Stoney on Strains, 

New and Bevised EdUian, urtih numerous iUustrations. 

Royal 8yo, 664 pp. Cloth. $12.50. 

THE THEORY OF STRAINS IN GIRDERS and Similar Struc- 
tures, with Observations on the Application of Theory to Practice, 
and Tables of Strength and other Froperties of Materials. Bj 
Bnn)02r B. Stonet, B. A. 



Roebling's Bridges. 

Imperial foUo. Cloth. |25.00. 

LONG AND SHORT SPAN RAILWAY BRIDGES. By Jora 
A. BoEBLiNa, 0. E. Illustrated with large copperplate engrav- 
ings of plans and views^ 

List of Platea 

1. Parabolic Truss Railway Bridge. 2, 3, 4, 5, 6. Details of Parabolic 
Truss, with centre span 500 feet in the clear. 7. Plan and View of a Bridge 
over the Mississippi Biver, at St. Lonis, for railway and common traveL 8, 9, 
10, 11, 12. Details and View of St Louis Bridge. 13. Bailrpad Bridge over 
the Ohio. 



Diedrichs' Theory of Strains. 

8vo. Cloth. 15.00. 

A Compendium for the Calculation and Construction of Bridges, 
Roofs, and Cranes, with the Application of Trigonometrical 
Notes. Containing the most comprehensive information in re- 
gard to the Resulting Strains for a permanent Load, as also for 
a combined (Permanent and Rolling) Load. In two sections 
adapted to the requirements of the present time. By JoHir Di£»- 
EiOHS. Illustrated by numerous plates and diagrams. 

" The want of a compact, universal and popular treatise on the Construc- 
tion of Roofs and Bridges — especially one treating of the influence of a varia- 
ble load — and the unsatisfactory essays of different authors on the subject, 
induced me to prepare €his work." 



%^ 
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Jacob on Retaining Walls. 

1819a. BoardB. dOcts. 

PEACTICAL DESIGNING OF EETAINING WALLS. By 
Arthur Jacob, A. B, 



Gampin on Irou Roofs. 

Large 8ro. Cloth. I^Oa 

ON THE OONSTEUCTION OF lEON ROOFS. A Theoretical 
and Practical Treatise. By Feancis Campik. With wood-cuts 
and plates of Hoofs lately executed. 

'^ The matheuatioal £ormala« ore of aa elementary kind, and the process 
admits of an easy extension so as to embrace the prominent varieties of iron 
truss bridges. The treatise, though of a practical scientific character, may be 
easily mastered by any one familiar with elementary meohanigs and plane 

trigonometry." 

1 1.1 ■ 1 1 » I 

HoUey's Railway Practice* 

1 voL folio. Cloth. $12.00. 

AMERICAN AND EUROPEAN RAILWAY PRACTICE, in 
the Economical Generation of Steam, including the materials 
and construction of Coal-burning Boilers, Combustion, the Varia- 
ble Blast, Vaporization, Circulation, Super-heating, Supplying 
and Heating Feed-water, &c.y and the adaptation of Wood and 
Coke-burning Engines to Coal-buraing ; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &c., &c. By Ai^exandeb L. Hollet, B. P. With 77 
lithographed plates, 

** This is an elaborate treatue by one of our ablest mtU engineers, on the con- 
struction and use of locomotives, with a few chapters On the building of Kail- 
rouls. > * * All these subjects are treated by the author, who is a 
first-class railroad engineer, in both an intelligent and intelligible manner. The 
facts and ideas are well arranged, dhd presented in a clear and simple style, 
Accompanied by beautiful engravingB, and we presume the work will be regard- 
ed as itLdii^)esisable by all who are interested in a knowledge of the construc- 
tion of railroads and rolling stock, or the working of locomotives." — SeienHfio 
Americcm. 




Henrici's Skeleton Structures. 

Bro. Cloth. ^IJSOi 

SKELETON STEUCTXJRE8, especially in their AppHcation to 
th^ building of Steel and Iron Bridges. By Olaus Hjenkicx. 
With folding plates and diagrams. 

By presenting these general examinations on Skeleton 'Structures, with 
portioular application for Suspended Bridges, to Engineers, I renture to ex- 
press the hope that they will receive these theoretical results with some confi- 
dence, even although an opportunity is wanting to compare them with practi- 
cal results. O. if. 



Useful Information for Railway Men. 

Pocket form. Morocco, gilt, $2.00. 

Compiled by W. G. HAMiLToisr, Engineer. Sixth edition, revised 
and enlaj^d. 570 pages. 

'' It embodies many valuable formulae and recipes useful for railway men, 
and, indeed, for almost every class of persons in the world. The * informa- 
tion ' comprises some valuable formulee and rules for the construction of 
boilers and engines, masonry, properties of steel and iron, and the strength 
of materials generally.'*'— i2ai7raa(2 OaeeUe, CMcago. 



The Mechanic's Friend. 

12mo. Cloth. 800 niustrations. |1.50. 
THE MECHANIC'S FRIEND : A Collection of Eeceipts and 
Practical Suggestions, Relating to Aquaria — Bronzing — 
Cements — Drawing — Dyes — Electricity — Gilding — Glass- 
Working — Glues — Horology — Lacquers — Locomotiyes — Mag- 
netism — Metal- Working — Modelling — Photography — Pyro- 
techny — Railways — Solders — Steam-Engine — Telegraphy — 
Taxidermy — Varnishes — Waterproofing — and Miscellaneous 
Tools, Instruments, Machines, and Processes connected with 
the Chemical and Mechanical Arts. By William E. Axok, 
M.R.S.L. 




Kirkwood oa FUtration. 

4to. Olotii. ^15.00. 

EEPOET ON THP nLTRi\.TION OF RIVEE WATEES, for 
the Supply of Cities, as practised in Europe, made to the Board 
of Water Commissioners of the City of St. Louis. By James P. 
KiEKwooD. Illustrated by 30 double-plate engravings. 

Contents. — ^Report on Filtration — ^London "Works, General — Chelsea 
"Water Works and Filters — Lambeth Water Works and Filters — Southwark 
and Yauxhall Water Works and Filters — Grand Junction Water Works and 
Filters — ^West Middlesex Water Works and Filters — ^New River Water 
Works and Filters — ^East London Water Works and Filters — ^Leicester Water 
Works and Filters — York Water Works and Filters — Liverpool Water Works 
and Filters— Edinburgh Water Works and Filters— Dublin Water Works 
and Filters — Perth Water Works and Filtering Gallery — Berlin Water 
Works and Filters — Hamburg Water Works and R^rvoirs — ^Altona Water 
Works and Filters — ^Tours Water Works and Filtering Canal — Angers Water 
Works and Filtering Galleries — Nantes Water Works and Filters — ^Lyons 
Water Works and Filtering Galleries — Toulouse Water Works and Filtering 
Galleries — Marseilles Water Works and Filters — Gtenoa Water Works and 
Filtering Queries — Leghorn Water Works and Cisterns — Wakefield Water 
Works and Filters — ^Appendix. 



Tanner on Roll-Turning. 

1 vol. 8vo. and 1 voL plates. $10.00, 

A TEEATISE ON EOLL-TUENING FOE THE MANUFAC- 
TUEE OF IRON. By Peter Tunner. Translated and adapted. 
By John B. Pea.rss, of the Pennsylvania Steel Works. With 
numerous wood-cuts, 8vo., tc^ether with a foUo atlas of 10 litho- 
graphed plates of Eolls, Measurements, &c. 

" We commend this book as a clear, elaborate, and practical treatise upon 
the department of iron manufacturing operations to which it is devoted. 
The writer states in his preface, that for twenty-five years he has felt the 
necessity of such a work, and has evidently brought to its preparation the 
fruits of experience, a painstaking regard for accuracy of statement, and a 
desire to furnish information in a style readily understood. The book should 
be in the hands of every one interested, either in the general practice qI 
mechanical engineering, or the special branch of manufacturing operations to 
which the work relates.*' — American Artisan, 
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Jacob on Storage 



18mo. Boards. 50 cts. 

* 



THE DESIGNING AND CONSTEUCTION OF STORAGE 
RESERVOIRS. By Abthub Jacob, B. A. With, tables and 
wood-cuts representing sections, etc. 



Hewson on Embankments. 

8vo. Cloth. $2.00. 

PRINCIPLES AND PRACTICE OP EMBANKING LANDS 
from River Ploods, as applied to the Levees of the Mississippi. 
By William Hewson, Civil Engineer. 

'* This is a yaluable treatise on the principles and practice of embanking 
lands from river floods, as applied to the Levees of the Mississippi, by a highly 
intelligent and experienced engineer. The author says it is a first attempt 
to reduce to order and to rule the design, execution, and measurement of the 
Iievees of the Mississippi It is a most useful and needed contribution to 
scientific literature. — Philadelphia Evening Jowmal, 



Griiner on Steel. 

8vo. Cloth. $3.50. 

THE MANUFACTURE OP STEEL. By M. L. GEtrmEE, tran8- 
lated from the Prench. By Lenox Smith, A. M., E. M., with an 
appendix on the Bessemer Process in the United States, by the 
translator. Illustrated by lithographed drawings and wood-cuts. 

" The purpose of the work is to present a careful, elaborate, and at the 
same time practical examination into the physical properties of steel, as well 
as a description of the newproQesses and mechanical appliances for its manufac- 
ture. The information which it contains, gathered from many trustworthy 
sources, will be found of much value to the American steel manufacturer, 
who may thus acquaint himself with the results of careful and elaborate ex- 
periments in other countries, and better prepare himself for successful com- 
petition in this important industry with foreign makers. The fact that this 
volume is from the pen of one of the ablest metallurgists of the present day, 
cannot fail, we think, to secure for it a favorable consideration. — Iron Age, 
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Baiierman on Iron. 

12mo* Cloth. 12.00. 

TEEATISE ON THE MJjTALLUEaY OF IRON. Contain- 
ing outlines of the History of Iron Manufacture, methods of 
Assay, and analysis of Iron Ores, processes of manufacture of 
Iron and Steel, etc., etc. By H. BAFEBMAJir. First American 
edition. Berified and enlarged, with an appeifdix on the Martin 
Process for making Steel, from the report of Abram S. Hewitt. 
Illustrated with numerous wood engravings. 

'* This is a& important addition to the stock of technical works published in 
this country. It embodies the latest facts, discoveries, and processes con- 
nected with the manufacture of iron and steel, and should be in the hands of 
every person interested in the sul^'ect, as well as in all technical and scientific 
libraries."*— iSt»«ift}fc American. 



Link and Valve Motions, by W. S. 

Auchincloss. 

Sixth Edition. 8vo. Cloth. |d.Od. 

APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Lo(3omotive and Marine Engines, with new 
and simple methods for proportioning the parts. By William 
S. AncHiNCLoss, Civil and Mechanical Engineer. Designed as 
a hand-book for Mechanical Engineers^ Master Mechanics, 
Draughtsmen and Students of Steam Engineering* All dimen- 
sions of the valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
Hthographic plates, fbgether with a copperplate engraving of the 
Travel Scale. 

All the matters we have mentioned are treated with a clearness and absence 
of unnecessary verbiage which renders the work a peculiarly valuable one. 
The Trave^ Scale only requires to be known to be appreciated. Mr. At writes 
so ably on his Mn^eot, we wish he had written more. London £!n» 
gineering. 

We have never opened a work relating to steam which seemed to us better 
calculated to give an intelligent mind a clear understanding ot the depart- 
ment it discusses. — Scientific American, 
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Slide Valve by Eccentrics, by Prof. 

O. "W. MacOord. 

4to. niustrated. Clotli, |4.00. 

A PEACTICAL TBEATISE ON THE SLIDE YALVE BY 
ECCENTRICS, examining by methods, the action of the Eccen- 
tric upon the Slide Valve, and explaining the practical proces- 
ses of laying out the movements, adapting the valve for its 

^ various duties in the steam-engine. For the use of Engineers, 
Draughtsmen, Machinists, and Students of valve motions in 
general. By C. TV. MaoCohi), A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, Hoboken, N J. 



Stillman's Steam-Engine Indicator. 

12mo. Cloth. $1.00. 

THE STEAM-ENGINE INDICATOE, and the Improved Mano- 
meter Steam and Yacuimi Gauges ; their utility and application 
By Paul Stillman. New edition. 



Bacon's Steam-Engine Indicator. 

12mo. Clotli. 11.00. Kor. $1.50. 

A TEEATISE ON THE EICHAEDS STEAM-ENGINE IN- 
DICATOR, with directions for its use. ' By Chables T. Poeteb. 
Bevised, with notes and large additions as developed by Amer- 
ican Preictice, with an Appendix containing useful formulae and 
rules for Engineers. By E. W. Bacon, M. E., Member of the 
American Society of Civil Engineers. Illustrated. Second Edition 

In. this work, Mr. Forter'a book lias been taken as the basis, but Hr. Bacon 
has adapted it to American Practice, and has conferred a great boon on 
American Engineers. — ArUian. 



Steam Boiler Explosions. 

18mo. Boards. 50cts. 

STEAM BOILER EXPLOSIONS. By Zerah Colbctbn. 

** It is full of practical information, and serves to show in a most marked 
manner how very little one's knowledge upon the subject has advanced during 
the past ten years."— ^. F. Times, 
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Gillmore's 



and Cements. 



Fifth JEdition. Revised und MfUarged. 

8yo. GJoth. $4.00. 

PRA^CnCAL TEEATISE ON LIMES, HYDEAULIO CE- 
MENTS, AND • MOETAES. Papers on Practical Engineering, 
U. S. Engineer Department, No. 9, containing Beports of 
numerous experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q. A, Gillmobb, Lt-CoL 
U. S. Corps of Engineers, Brevet Major-General XJ. S. Army. 
With numerous illustrations. 

'* This -work oontains a record of certain experiments and researches made 
under the authority of the Engineer Bureau of the Tfar Department from 
1858 to 1861, upon the various hydraulic cements of the United States, and 
the materials for their manufacture. The experiments were carefully made, 
and are weU reported and compiled. ' — Journal FranJdin InstUiUe, 



Qillmore's Ooignet Beton. 

8yo. Cloth. 12.50. 

COIGNET BETON AND OTHEE * ABTIEICIAL STONE. By 
Q. A. GiLLMORE, Lt.-Col. U. S Corps of Engineers, Brevet 
Major-General U. S. Army. 9 Plates, Views, etc. 

This work describes with considerable minuteness of detail the several kinds 
of artificial stone in most general use in Europe and now beginning to be 
introduced in the United States, discusses their properties, relative merits, 

and cost, and describes the materials of which they are composed 

The subject is one of special and growing interest, and we commend the work, 
embodying as it does the matured opinions of an experienced engineer and 
expert. 

Gillmore on Roads. 

13mo. Cloth. In Press. 



A PRACTICAL TREATISE ON THE CONSTRUCTION 
OP ROADS, STREETS, AND PAVEMENTS. By Q. A. 
GiLLMOHE, Lt-CoL U. S. Corps of Engineers, Brevet Major- 
General XT. S. Army. 
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Williamson on the Barometer* 

4to. OlotK 115.00. 
ON THE USE OF THE BAROMETER ON SURVEYS AND 
RECONNAISSANCES. Part I. Meteorology in its Connec- 
tion with Hypsometry. Part IL Barometric Hypsometry. By 
R. S. Williamson, Bvt. Lieut.-Col. U. S. A., Major Corps of 
Engineers. With Illustrative Tables and Engravings. Paper 
No. 15, Professional Papers, Corps of Engineers. 

" San Fkajstcisco, Caju, Feb, 27, 1867. 
" Gen. A. A. Humphkeys, Chief of Engmeers, U. 8. Army : . 

" General, — ^I have the honor to submit to you, in the foBowing pages, the 
results of my investigations in meteorology and hypsometry, made with the 
view of ascertaining how far the barqmeter con he used as a reliable instru- 
ment for determining altitudes on extended lines of survey and reconnais- 
sances. These investigations have occupied the leisure permitted me from my 
professii^al duties during the last ten years, and I hope the results will be 
deemed of sufficient value to have a place assigned them among the printed 
professional papers of the United States Corps of Engineers. 
" Very respecl^hilly, your obedient servant, 

« R. S. WILLIAMSON, 
" Bvt. Lt.-Col. IT. S. A., Major Corps of XT. S. Jingineers.'' 



Von Ootta's Ore Deposits. 

8vo. * Cloth. $4.00. 

TREATISE ON ORE DEPOSITS. By Beenhaed Yoit Cotta, 
Professor of Geology in the Royal School of Mines, Freidberg, 
Saxony. Translated from the second German edition, by 
Feedekick Peime, Jr., Mining Engineer, and revised by the 
author, with numerous illustrations. 

" Prof. Von Cotta of the Freiberg School of Mines, is the author -pf the 
best modem treatise on ore deposits, aad we are heartily glad that this ad- 
mirable work has been translated and published in this country. The trans- 
lator, Mr. Frederick Prime, Jr., a graduate of Freiberg, haa had in his work 
the great advantage of a revision by the author himself, who declares in a 
prefatory note that this may be considered as a new edition (the third) of his 
own book. > 

'* It is a timely and welcome contribution to the literature of mining in 
this country, and we are grateful to the translator for his enterprise and good 
judgment in undertaking its preparation ; while we recognize with equal cor- 
diality the liberality of the author in granting both permission and asdist- 
•nce." — Extract from Beview in Engineering and Mining JouttmI, 
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Plattner's Blow-Pipe Analysis. 



Second editioiL 



8vo. Cloth. $7.50. 



PLATTNER'S MANUAL OF QUALITATIVE AND QUAN- 
TITATIYE ANALYSIS WITH THE BLOW-PIPE. From 
the last German edition Revised and enlarged. By Prof. Th. 
RiCHTEs, of the Royal Saxon Mining Academy. Translated by 
Prof. H. B. Cornwall, Assistant in the Columbia School of 
Mines, New York; assisted by John H. Caswell. Illustrated 
with eighty-seven wood-cuts and one Lithographic Plate. 560 
pages. 

'* Plattner's celebrated work has long been recognized as the only complete 
book on Blow-Pipe Analysis. The fourth German edition, edited by Prof. 
Bichter, fnlly sustains the reputation which the earlier editions ac(;uixed dur- 
ing the lifetime of the author, and it is a source of great satisfaction to us to 
know that Prol Richter has co-operated with the translator in issuing the 
American edition of the work, which is in fact a fifth edition of the original 
work, being far mcHre complete than the last German edition.** — SllUman^B 
Journal, 

There is nothing so complete to be found in the English language. Platt- 
ner's book is not a mere pocket edition ; it is intended as a comprehensiTe guide 
to all that is at present known on the blow-pipe, and as such is really indis- 
pensable to teachers and advanced pupils. 

'' Mr. Cornwall's edition is something more than a translation, as it contains 
many corrections, emendations and additions not to be found in the originaL 
It is a decided improvement on the work in its German ^x&a^'-^ov/mal of 
AppUed Chamistry, 



Egleston's Mineralogy. 

6to. Illustrated with 84 Lithographic Plates. Cloth. $4.50. 

LEOTTJEES ON DESCRIPTIYE MINEEALOGY, DeHvered 
at the School of Mines, Columbia Collie, Br Pkofessor T. 

EOLESTON. 

These lectures are what their title indicates, the lectures on Mineralogy 
delivered at the School of Mines of Columbia College. They have been 
printed for the students, in order that more time might be given to the vari- 
ous methods of examining and determining minerals. The second part has 
only been printed. The first part, comprising crystallography and physical 
mineralogy, will be printed at some future time. 
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Pynohoii's Chemical Physios. 

New JSditUnu Revised and Enlarged. 

Crown 8yo. Cloth. $8.00. 

INTEODUCTION TO CHEMICAL PHYSICS, Designed for the 
Use of Academies, Colleges, and Higli Schools. Illustrated with 
numerous engravings, and containing copious experiments with 
directions for preparing them. • By Thomas Euggles Pt>'chon, 
M.A., Professor of Chemistry and the Natural Sciences, Trinity 
College, Hartford. 

Hitherto, no work suitable for general use, treating of all these subjects 
within the limits of a single volume, could be found ; consequently the atten- 
tion they have received has not been at all proportionate to their importance. 
It is believed that a book containing so much valuable information within so 
small a compass, cannot fail to meet with a ready sale among all intelligent 
persons, while Professional men, Physicians, Medical Students, Photograph- 
ers, Telegraphers, Engineers, and Artisans generally, will find it specially 
valuable, if not nearly indispensable, as a book of reference. 

'* We strongly recommend this able treatise to our readers as the first 
work ever published on the subject free from perplexing technicalities. In 
style it is pure, in description gpraphio, and its typographical appearance is 
artistic. It is altogether a most excellent work.*' — Eclectic Medical Journal. 

" It treats fully of Photography, Telegraphy, Steam Engines, and the 
various applications of Electricity. In short, it is a carefully prepared 
volume, abreast with the latest scientific disooveties and inventions.'' — Mart- 
/**rd Courant 

« 

Plympton's Blow-Pipe Analysis. 

12mo. Cloth. $150. 

THE BLOW-PIPE : A Guide to Its Use in the Determination 
of Salts and Minerals. Compiled from various sources, by 
Geoege W. Plympton, C.E., A.M., Professor of Physical 
Science in the Polytechnic Institute, Brooklyn, N. Y. 



" This manual probably has no superior in the English language as a text- 
book for beginners, or as a guide to the student working without a teacher. 
To the latter many illustrations of the utensils and apparatus required in 
using the blow-pipe, as weU as the fully illustrated description of the blow- 
pipe flame, will be especially serviceable.*'— iV«to Tark Teafiher, . 
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Dubois' Q-raphical Statics. 

8yo. 60 niiurtratioiis. Cloth. |2.00. 

THE NEW METHOD OP GEAPHICAL STATICS. By 
A. J. DtJBOiB, JSi, Ph.D. 



• Gases in Coal Mines 

18mo. Boards. 50 cts. 

A PEACTICAL TREATISE ON THE GASES MET WITH 
IN COAL MINES. Bjr the late J. J. Atkinson, Govern- 
ment Inspector of Mines for the County of Durham, England. 



Watt's Dictionary of Chemistry. 

Supplementary Volume. 

8yo. Cloth. $9.00. . 

This Yoltiine brings the Kecord of Chemioal Dlsooyery down to the end of 
the year 1869, including also seroral additions to, and correctiona of, former 
results which have appeared in 1870 and' 1871. 

%* Complete Sets of the Work, New and Beviied edition, including abore 
supplement. 6 yoIb. 8to. Cloth. $62.00. 



Hammelsberg's Chemical Analysis. 

8vo. Cloth. ^.85. . 

GUIDE TO A COUESB OF QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINERALS AND FUR- 
NACE PRODUCTS. Illustrated by Examples. By C. F. 
Ramicelsbebg. Translated by J. Towlbk, M.D. 

This work has been translated, and is now published expressly for those 
students in chemistry whose time and other studies in ooUeges do not permit 
them to enter upon the more elaborate and expensive treatises of Fresenius 
and others. It is the condensed labor of a master in chemistry and of a prac- 
tical analyst. 
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Eliot and Storer's Qualitative 
Chemical Analysis. 

New Editiatif Bevised* 

Idmo. Ulustrsted. Cloth. $1.50. 

A COMPENDIOUS MANUAL OP QUALITATIVE CHEMI- 
CAL ANALYSIS. By Chaeles W. Eliot and Peank H. jStoeeb. 
Bevised with the Cooperation of the Authors, by William: Rip- 
ley Nichols, Professor of Chemistry in the Massachusetts Insti- 
tute of Technolc^. • 

** Thifi Mamial has great merits as a practical introdiictioii to the science 
and the art of which it treats. It contains enough of the theory and practice 
of qualitatiye analysis, " in the wet way," to bring out all the reasoning in- 
Yolyed in the science, and to present clearly to the student the most approved 
methods of the art. It is specially adapted for exercises and experiments in 
the laboratory; and yet its classifications and manner of treatment are so 
systematic and logical throughout, as to adapt it in a high degree to that 
higher class of students generally who desire an accurate knowledge of the 
practical methods of axriying at scientific facial* — Latheran Observer, 

"We wish every academical class in the land could have the benefit of the 
fifty exercises of two hours each necessary to master this book. Chemistry 
would cease to be a mere matter of memory, and become a pleasant experi- 
mental and intellectual recreation. We heartily commend this little volume 
to the notice of those teachers who believe in using the sciences as means of 
mental discipline.*' — CoUege Oavrani, 



Craig's Decimal System. 

Square 82mo. lamp. 6(K}. 

WEHQHTS AND MEASURES. An Account of the Decimal 
System, with Tables of Conversion for Commercial and Scientific 
Uses. By B. P. Cbaig, M. D. 

** The most lucid, accurate, and useful of all the hand-books on this subject 
that we have yet seen. It gives forty-seven tables of comparison between the 
•RTigli«Ti and French denominations of length, area, capacity, weight, and the 
Centigrade and Fahrenheit thermometers, with clear instructions how to use 
them ; and to this practical portion, which helps to make the transition as 
easy as possible, is prefixed a scientific explanation of the errors in the metrio 
system, and how they may be corrected in the laboratory." — Nation. 




Nugent on Optics. 

l^mo. Cloth. $2.00 

TBEATISB ON OPTICS ; or, light and Sight, theoreticaUy and 
practically treated ; with the application to Fine Art and Indus- 
trial Pursuits. By E. Nugent. With one hundred and three 
illustrations. 

'* This book Ib of a practioal rather than a theoretical kind, and is de- 
signed to afford accurate and complete information to all imtereated in appli- 
cations of the science." — Bound Table, 



Barnard's Metric System. 

8ro. Brown cloth. $3.00, 

THE METRIC SYSTEM OF WEIGHTS ANI> MEASURES. 
An Address delivered before the Convocation of the University of 
the State of New York, at Albany, August, 1871. By Feedekice: . 
A. P. Baenaed, President of Columbia College, New York City. 
Second edition &om the Revised edition printed for the Trustees 
of Columbia College. Tinted paper. 

" It is the best summary of the arguments in favor of the metric weights 
and measures with which we are acquainted, not only because it contains in 
small space the leading facts of the case, but because it puts the advocacy of 
that system on the only tenable grounds, namely, the great convenience of a 
decimal notation of weight and measure as well as money, the value of inters 
national uniformity in the matter, and the fact that this metric system is 
adopted and in general use by the majority of civilized natums." — The Naiion. 



Butler on Ventilation. 

18mo. Boards. 60 cts. 

VENTILATION OP BUILDINGS. By W. P. Butler. 
Illustrated. 

" As death by insensible suffocation is one of the prominent causes which 
swell our bills of mortality, we cominend this book to the attention of philan- 
thropists as well as to architects."— Boston Globe. 
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Harrison's Mechanic's Tool-Book. 

13mo. Cloth. 11.50. 

» 

MECHANIC'S TOOL BOOK, with practical rules and suggestions, 
for the use of Machinists, Iron Workers, and others. By W. B. 
HiLKRisoN, Associate Editor of the " American Artisan." Illustra- 
ted with 44 engravings. 

''This work is speoially adapted to meet the wants of Kachinists and work- 
ers in iron generally. It is made up of the work-day experience of an intelli- 
gent and ingffluotis mechanic, who had the faonlty of adapting tools to various 
purposes. The practicability of his plans and suggestions are made apparent 
even to the unpractised eye by a series of well-exeouted wood engravings." — 
PhUaddphia Inquirer, 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Ninth Edition. 8vo. Caoth $3.00. 

A Hand-book for Electricians and Operators. By Fkab'k L. Pope. 
Seventh edition. Bevised and enlarged, and folly illustrated. 

Extract from Letter of Prof, Morse, 

'* I have had time only cursorily 4k> examine its contents, but this examina- 
tion has resulted in great gratification, especially at the fairness and unpre- 
judiced tone of your whole work. 

*' Tour illustrated diagrams are admirable and beautifully executed. 

" I think all your instructions in the use of the telegraph apparatus judi- 
cious and correct, and I most cordially wish you success." 

Extract from Letter cf Prof, Q, W, Hough, of the Dudley ObBeroat^ry. 

** There is no other work of this kind in the English language that con- 
tains in so small a compass so much practical information in the application 
of galvanic electricity to telegraphy. It should be in the hands of every one 
interested in telegraphy, or the use of Batteries for other purposes." 



Morse's Telegraphic Apparatus. 

Illustrated. 8vo. Cloth. $3.00. 

EXAMINATION OF THE TELEGRAPHIC APPABATUS 
AND THE PEOCESSES IN TELEGAPHY. By Samtjbl F. 
B. MoBSE, LL.D.y United States Commissioner Paris Universal 
Exposition, 1867. 
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Sabine's History of the Telegraph. 

12mo. Cloth. $1.25. 

HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, with Descriptions of some of the Apparatus. By 
Robert Sa3ine, C. E. Second edition, with additions. 

Contents. — ^I. Early Obeerrations of EleotriAal Pbeaomena. 11. Tele- 
graphs by FiietionaJ. Electricity. III. Telegraphs by Voltaic Electricity. 
IV. Telegraphs by Electro-Magnetism and Magneto-Electricity. V. Tele- 
graphs now in use. VI. Overhead Lines. VIl. Submarine Telegraph Lines. 
VIII. Underground Telegraphs. IX. Atmospheric Electricity. 



Haskins' Galvanometer. 

Pocket fomu Blastzated. MoioccD tacka. fd.OO. 

THE GALVANOMETER, AND ITS USES; a Manual for 

Electricians and Students. By 0. H. Haseins. 

" We hope this excellent little work will meet with the sale its merita 
entitle it to. To every telegrapher who owns, or uses a Galyanometer, or 
ever expects to, it will be quite indispensable." — Th6 Telegrapher^ 



Oulley's Hand-Book of Telegraphy. 

8to. Cloth. f5.0a 
A HAND-BOOK OP PRACTICAL TELEGRAPHY. By 

R. S. CuLL£T^ Engineer to the Electric and International 
Telegraph Company. Fifth edition, rerised and enlarged. 



Foster's Submarine Blasting. 

4to. Cloth. 13.50. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts- 
Removal of Tower and Corwin Rocks. By John G. Fostbb, 
Lieutenant-Colonel of Engineers, and Brevet Major-General, U. 
S. Army. Illustrated with seven plates. 

List of Plates. — ^1. Sketch of the Narrows, Boston Harbor. 3w 
Townsend's Submarine Drilling Machine, and Working Vessel attending. 
3. Submarine Drilling Machine employed. 4. Details of Drilling Machine 
employed. 5. Cartridges and Tamping used. 6. Fuses and Insulated Wires 
used. 7. Portable Friction Battery used. 



-I M 
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Barnes' Submarine Warfare, 

Sva Clotii. $5.00. 

SUBMARINE WARFAEE, DEFENSIVE AND OFFENSIVE. 

Comprising a full and complete HistoI^f of the Invention of the 
Torpedo, its employment in War and results of its use. De- 
scriptions of the Tarious forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Electricity, and a full aocoujit 
of experiments made to determine the Explosive Force of Gun- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship ^stems, and influence upon 
Future Naval Wars. By Ideut. -Commander John S. Babstes, 
TJ. S. N. With twenty lithographic plates and many wood-cuts. 

^* A book important to military men, and especially so to engineers and ar- 
tillerists. It consists of an examination of the various offensive and defensive 
engines that have been contrived for submarine hostilities, including a discus- 
sion of the torpedo system, its effects upon irou'^lad ship-systems, and its 
probable influence upon future naval wars. Plates of a valuable character 
accompany the treatise, which affords a useful history of the momentous sub- 
ject it discusses. A great deal of useful information is collected in its pages, 
especially concerning the inventions of Scholl and Yekdu, and of Jones' 
and Hunt's batteries, as well as of other similar machines, and the use in 
submarine operations of gfun-ootton and nitro-glyoerine.'* — N. Y. Times. 



Randairs Quartz Operator's Hand- 

Book. 

12mo. Cloth. $2.00. 

QUAETZ OPEEATOE'S HAND-BOOK. By P. M. Eanball. 

New edition, revised and enlarged. Fully illustrated. 

The object of this work has been to present a clear and comprehensive ex- 
position of mineral veins, and the means and modes chiefly employed for the 
mining and working of their ores — ^more especially those containing gold and 
silver. 
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McOulloch's Theory of Heat. 

8to. Cloth. In Press. 

AN ELEMENTABY TREATISE ON THE MECHANI- 
OAL THEORY OF HEAT, AND ITS APPLICATION 
TO AIR AND STEAM ENGINES. By Prof. R. S. Mc- 

CULLOCH. 



Benet's Chronoscope. 

Second Edition* 

lUnstratecL 4to. Cloth. $8.00. 

ELEOTRO-BALLISTIO MACHINES, and the Schultz Chrono- 
scope. By Lieutenant-Colonel S. V. Benet, Captain of Ordnance, 
U. S. Army. 

CoKTBKTS. — 1. Ballistio Pendulom. 2. GKm Pendnlum. 8. Use of Elec- 
tricity-. 4. Kavez' Machine. 5. Yignotti's Machine, with Plates. 6. Benton *s 
Electro-Ballistic Pendulum, with Plates. 7. Lear's Tro-Pendulum Machine 
8. Sohultz's Chronoscope, with two Plates. 



Michaelis' Ohronograph. 

4to. Blastrated. Cloth. $3.00. 

THE LE BOULENGlfe CHRONOGRAPH. With three Htho- 
graphed folding plates of illustrations. By Brevet Captain E. 
MicHAEUs, First Lieutenant Ordnance Corps, U. S. Army. 

*' The excellent monograph of Captain Michaelis enters minutely into the 
details of construction and managfement, and gires tables of the times of flight 
calculated upon a g^ven fall of the chronometer for all distances. Captain 
Michaelis has done good service in presenting this work to his brother officers, 
describing, as it does, an instrument which bidsiair to be in constant use in 
our future ballistio expeiimentB.''-*^r}»y arid Navy Journal. 
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SilTersmith's Hand-Book« 

Fowrth JEdiHon. 

niiistffttecL Iflkno. COotib. $3.00. 

A PEAOnOAL HAND-BOOK TOE MINERS, MeteUurgists, 
and Assayers, oomprismg the most recent improvements in the 
disintegration, amalgamation, smelting, and parting of tlie 
Precious Ores, with, a Comprehensive Digest of the Mining 
' Laws. Greatlj augmented, revised, and corrected. By Juliits 
SiLVEBSMiTH. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $8.00. 

One of the most important features of this work is that in which the 
metallurgy of the preoious metala is treoted ol In it the author has ende&v- 
ored to embody all the processes for the reduction and manipulation of tHe 
precious ores heretofore suooessfully employed in Gtermany, England, Mexico, 
and the United States, together with such as haye been more recently invented, 
and not yet fully tested— all of which are profusely illustrated and easy of 
oomprehension. 



Simms' Levelling. 

8vo. Oloth. 12.50. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING, showing its application to purposes of Railway 
Engineering and the Construction of Roads, &c. By Pbedebick 
W. SiMMS, C. E. Prom the fifth London edition, revised and 
corrected, with the addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood-outs. 

« One of the most important tezt*>books lor the general sorFeyor, and there 
is scarcely a question connected with levelling lor which a solution would be 
sought, but that would be satisfactorily answered by consulting this yoluote." 
— Mining Journal, 

** The text-book on levelling in most of our engineering schools and col- 
leges." — Engineers. 

**The publishers have rendered a substantial service to the profeanon, 
especially to the younger members, by bringing out the present edition of 
Mx, Simms* useful work." — Engineering, 
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Stuart's Snccessfdl Engineer. 

18mo. Boards. 60 cents. 

HOW TO BECOME A STJCOESSFtTL ENGINEEB: Being 
Hints to Tonths intending to adopt the Profession. By 
Bebnabd Stxtabi^ Engineer. Sixth I!dition. 

" A valaable little book of sound, sensible advice to ^oung men wbo 
wish to rise in the most important of the professions."-— iSin^n/^ American. 



Stuart's Naval Dry Docks. 

Twenty-four engravings on sfceet 
Fourth EditUyn^ 
4to. doth. 16.00. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 

By Chables B. Stuabt. Engineer in Chief of the United States 

Navy. 

last of lUustrations, 

Pumping Engine and Pumps — ^Plan of Dry Dook and Pump-Well— Sec- 
tions of Dry Dock — ^Engine Houses-Iron Floating Qate — ^Details of Floating 
Gute — Iron Turning Gate — ^Plan of Turning Gate — Culvert Gate — ^Filling 
Culvert Gates — Engine Bed-^Plate, Pumps, and Culvert — Engfine House 
Boof — ^Floating Sectional Dock — ^Details of Section, and Plan of Tum-Tables 
^Plan of Basin and Marine Bailways — ^Plan of Sliding Frame, and Elevation 
of Pumps — Hydraulic Cylinder — ^Plan of Clearing for Pumps and End Floats 
— Perspective View of Dock, Basin, and Railway — ^Plan of Basin of Ports- 
mouth Dry Dock — Floating Balance Dock — ^Elevation of Trusses and the Ma- 
chinery—Perspective View of Balance Dry Dock 



Free Hand Drawing. 

Profusely niustrated. 18mo. Boards. 50 cents. 

A aUIDE TO OBNAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student. 

Contents. — Materials employed in Drawing, and how to use them — On 
Lines and how to Draw them — ^On Shading — Concerning lines and shading, 
with applications of them to simple elementary subjects — Sketches from Na- 
ture. 
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Minifie's Mechanical Drawing. 

Kinth EdiHon. 

Boyal 8yo. COoih. $4.00. 

A TEXT-BOOK OF GBOMBTRIOAL DRAWING for the use 

of Mechanics and Schools, in which the Definitions and Bules of 
Geometry are familiarly explained ; the Practical Problems are 
arranged, from the most simple to the more complex, and in their 
description technioahties are avoided as much as possible. With 
illustrations for Drawing Plans, Sections, and Elevations of 
Buildings and Machinery ; an Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. By Wm. 
MiNiFiE, Architect. Eighth Edition. With an Appendix on the 
Theory and Application of Colors. 

'^ It is the best work on I>rawiiig that we have ever seen, and is especially a 
text-book of Qeometrioal Drawing for the use of Mechanics and Schools. No 
young Mechanic, such as a Machinist, Engineer, Cabinet-Maker, Millwright, 
or Carpenter, should be without it* — Scientific American, 

" One of the most comprehensiye works of the kind ever published, and can- 
not but possess great ralue to builders. The style is at once elegant and sub- 
stantial." — Pennsylvania Inquirer. 

** Whatever is said is rendered perfectly intelligible by remarkably well- 
executed diagrams on steel, leaving nothing for mere vague supposition ; and 
the addition of an introduction to isometrical drawing, linear perspective, and 
the projection of shadows, winding up with a useful index to technical terms." 
— Glasgow Mechanics' Journal, 

1^^ The British Gk)vemment has authorized the use of this book in their 
schools of art at Somerset House, London, and throughout the kingdom. 



Minifie's Geometrical Drawing. 

New Edition. Enlarged* 

12mo. Cloth. $2.00. 

GEOMETRICAL DRAWING. Abridged from the qptaro edition, 
for the use of Schools. Illustrated with 48 steel plates. New 
edition, enlarged. 

'* It is well adapted as a text-book of drawing to be used in our High Schools 
and Academies where this useful branch of the fine arts has been hitherto too 
much neglected." — Boston Journal, 
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Bell on Iron Smelting. 

8ro. OU^^ $6.00. 

CHEMICAL PHENOMENA OF IRON SMELTING. An ex- 
perimental and practical examination of the circumstances wkLcli 
determine the capacity of the Blast Furnace, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
operated upon. By I. Lowthian Bell. 

Battershall's Legal Chemistry. 

Illustrated. 12mo. Cloth. In press. 
LEGAL CHEMISTRY. A Guide to the detection of Poisons, 
Falsification of Writings, Adulteration of Alimentary and 
Pharmaceutical Substances ; Analysis of Ashes, and Examina- 
tion of Hair, Coins, Fire-Arms, and Stains, as applied to 
Chemical Jurisprudence. For the use of Chemists, Physi- 
cians, Lawyers, Pharmacists, and Experts. Translated with 
additions, including a list of books and memoirs on Toxi- 
cology, etc., from the French of A. Naquet. By J. P. Bat- 
TERSHALL, Ph.D., with a Preface by C. F, Chandler, Ph.D., 
M.D., LL.D. 

King's Notes on Steam. 

Nineteenth Edition* 

8vo. Cloth. $2.00. 

LESSONS AND PRA^CTICAL NOTES ON STEAM, the Steam- 
Engine, Propellers, &c., &c., for Young Engineers, Students, and 
others. By the late W. E. King, U. S. N. Eevised by Chief- 
Engineer J. W. ILiNG, U. S. Navy. 

" This is one of the best, because eminently plain and practical treatises on 
the Steam Engine ever published. ' — Philadelphia Press. 

This is the thirteenth edition of a valuable work of the late W. H. King, 
tr. S. N. It contains lessons and practical notes on Steam and the Steam En- 
gine, Propellers, etc. It is calculated to be of great use to young marine en- 
gineers, students, and others. The text is illustrated and explained by nu- 
merous diagrams and representations of machinery. —.BMto» JDaUy Adver^ 
User. 

Text-book at the U. S. Naval Academy, Annapolis. 
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Burgh's Modem Marine Engineering. 

One thiek 4to YoL ClotK |d5.0a Half moroooo. $30.00. ^ 

MODEEN MAEINE ENGINEERING, applied to Paddle and 
Screw Propulsion. Consisting of 86 Colored Plates, 259 Practical 
Wood-cut Illustrations, and 403 pages of Descriptive Matter, the 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Bennie ; 
Messrs. B. Napier & Sons ; MessvB. J. & W. Dudgeon ; Messrs. 
Bavenhill & Hodgson ; Messrs. Humphreys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Bubgh, 
Engineer. 

Pbincifal Contents. — ^G^neral Arrangements of Engines, 11 examples 
— General Arrangement of Boilers, 14 examples — C^neral Arrangement of 
Superkeaters, 11 examples — ^Details of tOsciUating Paddle Engines, 84 ex- 
amples — Condensers lor Screw Engines, both Injection and Surface, 20 ex- 
amples — ^Details of Screw Engines, 30 ezainpleB^'Cylinders and Details of 
Screw Engines, 21 examples — Slide Valves and Details, 7 examples — SUde 
Valve, Link Kotion, 7 examples — Expansion Valves and Gear, 10 exam- 
ples — ^Details in General, 80 examples— Screw Propeller and Eittmgs, 13 ex- 
amples Engine and Boiler Fittings, 28 examples -In relation to the Princi- 
ples of the Marine Engine and Boiler, 88 ezamplef. 

Notices of ike Pfesa, 

"Every conceivable detail of the Marine Engine, nnder'all its various 
forms, is profusely, and we must add, admirably- illustrated by a multitude 
of engravings, selected from the best and most modem practice of the first 
Marine Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in existence which will bear a 
moment's comparison with it as an exponent of the skill, talent and practical 
experience to which is due the splendid reputation enjoyed by many British 
Marine Engineers."— J^n^mtfer. 

« This very comprehen^ve work, which was issued in Monthly parts, has 
just been completed. It contains large and full drawings and copious de- 
scriptions of most of the best examples of Modem Marine Engines, and it is 
a complete theoretical and practical treatise on the subject of Marine Engi- 
neering."— -4»i«rica» ArtUan, 

This is the only edition of th() above work with the beautifully colored 
plates, and it is out of print in England. 
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Bourne's Treatise on tlie Steam En- 
gine. 

Ninth Editimn. 

Bliutrated. 4to. Cloth. $15.00. 
TREATISE ON THE STEAM ENGINE in its varioiis applioa- 
' tions to Mines, Mills, Steam Navigation, Bailways, and Agricul- 
ture, with, the theoretical investigations respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
Practical Instructions for the Manufacture and Management of 
every species of Engine in actual use. By John Bousne, being 
the ninth edition of " A Treatise on the Steam Engine," by 
the "Artisan Club." Hlustrated by thirty-eight plates and five 
hundred and forty-six wood-cuts. 

As Mr. Boume*8 work has the great merit of avoiding unsound and imma- 
ture yiews, It may safely be consulted by all who are really desirous of ac- 
quiring trustworthy information oa the subject of which it treats. During 
the twenty-two years which haye elapsed from the issue of the first edition, 
the improyements introduced in the construction of the steam engine haye 
been both numerous and important, and of these Mr. Bourne has taken eare 
to point out the more prominent, and to furnish the reader with such infor- 
mation as shall enable him readUy to judge of their relaUve value. This edi- 
tion has been thoroughly modernized, and made to accord with the opinions 
and practice of the more successful engineers of the present day. All that 
f the book professes to g^ve is g^ven with ability and eyident care. The scien- 
tific principles which are permanent are admirably explained, and reference 
is made to many of the more valuable of the recently introduced engines. To 
express an opinion of the value and utility of such a work as Ths Artisan 
CliU>'$ Treatise on the Steam S/ngine^ which has passed through eight editions 
already, would be superfluous ; but it may be safely stated that the work is 
worthy the attentive study .of all either engaged in the manu^ture of steam 
eng^es or interested in economizing the use of steam. — Mining Journal, 
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Isherwood's Engineering Precedents. 

Two Vols, in One. »yo. Cloth. $2.50. 

ENGINEEEING PRECEDENTS FOR STEAM MACHINERY. 
Arranged in the most practical and useful manner for Engineers. 
By B. E. IsHERwooD, Civil Engineer, U. S. Navy. With illus- 
trations. 
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Ward's Steam for tlie Million. 

New and ^Revised Editiatu 

Sya Cloth. $1.00. 

STEAM FOB THE MILLION. A Popular Treatise on Steam 
and its Application to the XJsefol Arts, especially to Naviga- 
tion. By J. H. Ward, Commander U. S. Navy. New €md re- 
vised edition. 

A most excellent work for the young engineer and general reader. Many 
facts relating to the management of the boiler and engine are set forth with a 
simplicity of language and perfection of detail that bring the subject home 
to the reader. — American Engineer, 



Walker's Screw Propulsion. 

8yo. doth. 75 cents. 

NOTES ON SCEEW PEOPULSION, its Eise and History. By 
Capt. W. H. Walkeb, U. S. Navy. 

Commander Walker's book contains an immense amount of concise practi- 
cal data, and every item of information recorded fuU^ proves that the various 
points bearing upon it have been well considiBired previously to expressing an 
opinion. — LoruUm Mining JourndL 



Page's Earth's Omst. 

18mo. Oloih. 75 cents. 

THE EAETH'S CEUST : a Handy OutHne of Geology. By 
David Page. 

" Such a work as this was much wanted — a work giving in dear and intel- 
ligible outline the leading facts of the science, without amplification or irk^ 
•some details. It is admirable in arrangement, and dear and easy, and, at the 
same time, forcible in style. It will lead, we hope, to the introduction of 
Geology into many schools that have ndther time nor room for the study <^ 
large treatises.'' — Tha Mtumm, 
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Rogers' G-eology of Pennsylvania. 

8 Vols. 4to, with Poi^lio of Kaps. Cloih. |30.0a 

THE GEOLOGY OF PENNSYLVANIA. A Government Sur- 
Tey. With a general view of the Geolc^y of thie United States, 
Essays on the Coal Eormation and its Fossils, and a description 
of the Coal Fields of North America and Great Britain. By 
Henrt DiJttwnr Bogxbs, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Text. 

It certainly should be in every public library voroughout the country, and 
likewise in the possession of all students of Ckology. After the final sale of 
these copies, the work will, of course, become more valuable. 

The work for the last five years has been entirely out of the market, but a 
few copies that remained in the hands of Prol Bogers, in Scotland, at the 
time of his death, are now offered to the public, at a price which is even 
below what it was or^^mally sold for when first published. 



Elliot's EiLroi)ean Light-Houses. 

51 Engravings and 21 Wood^cuts. 8vo. Cloth. |5.00. 

ETTEOPEAlSr LIGHT-HOTJSE SYSTEMS. Being a Eeport of 
a Tour of Inspection made in 1873. By Major Geobge H. 
Elliot, Corps of Engineers, U.S. A., member and Engineer 
Secretary of the Light-house Board. 



Sweet's Report on OoaL 

8to. Cloth. $3.00. 

SPECLyii REPORT ON COAL ; showing its Distribution, Olassi- 
fication, and Cost delivered over different routes to various points 
in the State of New York, and the principal cities on the Atlantic 
Coast. By S. H. Swebi. With miipt. 



OolbTim's Gas Works of London. 

Idmo. Boards. 80 oeatt. 

GAS WORKS OF LONDON. By Zebah Colbumt. 
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The Usefal Metals and their Alloys ; 
Scoffireu^ Truran, and others. 

lyth EOiUon. 

8m HuSeall 9a75. 

THE USEFUL METALS AND THEIE ALLOYS, including 
MINING VENTILATION, MINING JURISPRUDENCE 
AND METALLURGIO CHEMISTBY employed in the oonver- 
rion of IRON, COPPER, TIN, ZINC, ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRIAL 
ARTS. By Jomir Scoffben, Wiijjax Trurak, William Clat, 
BoBEBT OxLAin), WiLUAK FATRBATKy, W. C. AiTKiN, and Wll*- 
LiAX YosE Pickett. 



Collins' Useftil Alloys. 

18mo. Flexible. 75 oente. 

THE PRIVATE BOOK OF USEFUL ALLOTS and Memo- 
randa for Goldsmiths, Jewellers, etc. By James E. Collins 

This little book is oompiled from notes made hj tbe Aathor from the 
papers of one of the largest and most.eminentJiCannfaoturing Goldsmiths and 
Jewellers in this country, and as the firm is now no longer in existence, and the 
Author is at present engaged in some other undertaking, he now offers to the 
public the benefit of his experience, and in so doing he begs to sti^te that all 
the alloys, etc., given in these pages may be confidently relied on as being 
thoroughly practicable. 

The Memoranda and Beoeipts throughout this book are also compiled 
from practice, and will no doubt be found useful to the practical jeweller. 
—ShirUy, JvZy, 1871. 

Joynson's Metals Used in Construction. 

12mo. Oloth. 76 cents. 

THE METALS USED IN CONSTEUOTION : Iron, Steel, 
Bessemer Metal, etc., etc. By Fsakcis Hebbskt Jotkson. Il- 
lustrated. 

" In the interests of practical science, we are bound to notice this work ; 
and to those who wish further information, we -should say, buy it ; and the 
outlay, we honestly beliere, will be considered well spent." — SderUifi^ 
Bedew. 
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Prescott's Proximate Organic 

Analysis. 

12iao. Oifdth. $1.75. 

OUTLINES OF PROXIMATE OEGANIC ANALYSIS 
for the Identification, Separ&tion, and Quantitative Deter- 
mination of the more commonly occurring Organic Com- 
pounds. By Albert B. Prescott, Professor of Organic 
. and Applied Chemistry in the University of Michigan. 



Prescott's Alcoholic Liquors. 

12mo. Cloth. $1.50. 

CHEMICAL EXAMINATIOJS" OF ALCOHOLIC LI- 
QUORS. A Manual of the Confttitcients of the Distilled 
Spirits and Fermented Liquors of Commerce, and their 
Qualitative and Quantitative Determinations. By Albert 
B. Prescott, Professor of Organic and Applied Chemistry 
in the University of Michigan. 



Greene's* Bridge Trusses. 

Bvo. niustxated. Cloth. (2.00. 
GEAPHICAL METHOD FOR THE ANALYSIS OF 
BRIDGE TRUSSES, extended to Continuous Girders 
and Draw Spans. By Charles E. Greene, A.M., Pro- 
fessor of Civil Engineering, University of Michigan. Illus- 
trated by three folding plates. 



Butler's Projectiles and 

Cannon. 

4to. seriates. Cloth. |7.50. 

PROJECTILES AND RIFLED CANNON. A Criticaf 
Discussion of the Principal Systems of Rifling and Projec- 
tiles, with Practical Suggestions for their Improvement, as 
emhraced in a Report to the Chief of Ordnance, U.S.A. By 
Capt. John S.. Butler, Ordnance Corps, U.S.A. 
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Peirce's Analytic Mechanios. 

4to. Cloth. $10.00. 

SYSTEM OF ANALYTIC MECHANICS. By Bei^jamih 

Peikce, Perkins Professor of Astronomy and Mathematics in 
Harvard University, and Consulting Astronomer of the 
American Ephemeris and Nautical Almanac. 

" I haye re-examined the memoiis of the g^reat geometers, and hare strfren 
to oonsolidate their latest researches and their most exalted forms of thoug-lit 
into a consistent and uniform treatise. If I have hereby succeeded in open- 
ing to the students of my country a readier access to these choice jewels of 
inteUect ; if their brilliancy is not impaired in this attempt to reset them ; i^ 
in their own constellation, they illustrate each other, and concentrate 
a stronger light upon the names of their disoorerers , and, still more, if any 
gem which I may hare presumed to add is not wholly lustreless in the collec- 
tion, I shall feel that my work has not been in yain.*' — Extract from (he PrC' 

fCM, 

Buit's Key to Solar Compass; 

Second Bdition. 

Pocket Book Form. Tuck. $2.5a 

KEY TO THE SOLAR COMPASS, and Surveyor's Companion ; 
comprising all the Bules necessary for use in the field; also. 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on the Barometer, Suggestions for an 
outfit for a Survey of four months, etc., etc., etc. By W. A. 
BuKT, U. S. Deputy Surveyor. Second edition. 



Ohauvenet^s Liinar Distances* 

8yo. Cloth. $2.00. 

NEW METHOD OF COERECTING LUNAR DISTANCES, 
and Lnproved Method of Finding the Error and Rate of a Chro- 
nometer, by equal altitudes. By Wk. Chauvbwbt, LL.D., Chan- 
cellor of Washington University of St. Louis. 
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Jeffers' Nautical Surveying. 

Blofltrated with 9 Copperplates and 31 Wood-out Illustratioxifl. 8yo. 

Cloth. $6.00. 

NAUnCAL SUEVEYING. By William N. Jbffbes, Captain 
U. S. Navy. 

Many books haye been written on each of the subjects treated of in the 
sixteen chapters of this work; and, to obtain a complete knowledge of 
g^eodetic surveying requires a profound study of the whole range of mathe- 
matical and physical sciences ; but a year of preparation should render any 
intelligent officer competent to conduct a nautical survey. 

Contents. — Chapter L Formulse and Constants Useful in Surveying 
II. Distinctive Character of Surveys. II]f. Hydrographic Surveying under 
Sail ; or, Bunning Survey. IV. Hydrographic Surveying of Boats ; or, Har- 
bor Survey. V. Tides-^Definition of Tidal Phenomena — ^Tidal Observations. 
YI. Measurement of Bases — ^Appropriate and Direct. VH. Measurement of 
the Angles of Triangles — ^Azimuths — Astronomical Bearings. YHI. Correo- 
tions to be Applied to the Observed Angles. IX. Levelling — ^Difference of 
LeveL X. Computation of the Sides of the Triangulation — ^The Three-point 
Problem. XL Determination of the Geodetic Latitudes, Longitudes, and 
Azimuths, of Points of a Triangulation. XH. Summary of Subjects treated 
of in preceding Chapters — ^Examples of Computation by various FormulsB. 
Xni . Projection of Charts and Plans. XIV. Astronomical Determination of 
Latitude and Longitude. XY. Magnetic Observations. XVL Deep Sea 
Soundings. XVU. Tables lor Ascertaining Distances at Sea, and a full 
Index. 

lAst of Plates. 

Plate L Diagram Dlostrative of the Triangulation. 11. Specimen Page 
of Field Book. m. Bunning Survey of a Coast. lY. Example of a Bunning 
Survey from Belcher. V. Flying Survey of an Island. VI. Survey of a 
ShoaL Vn. Boat Survey of a Biver. VHX Three-Point Problem. IX. 
Triangulation. 

Oofllii's Navigation* 

Fifth Edition. 

12mo. Cloth. $3.50. 

NAVIGATION AND NAUTICAL ASTRONOMY. Prepared 
for the use of the U. S. Naral Academy. By J. H. 0. Ooitot, 
Prof, of Astronomy, Navigation and Surveying, with 52 wood- 
out illustrations. 
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Clark's Theoretical Navigation. 

8^B. Olotlu $8.00. 

THEttRETIOAL NAVIGATION AND NAUTIOAL ASTEON- 
OMY. By Lewis Clabx, Lieui-Oommander, U. S. Na^y. Il- 
lustrated with 41 Wood-cuts, iueludiiig the 

Prepared for Use at the U. S. Naval Aoademj. 
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The Plane Table. 

Dlaatrated. 8to. Ca^ih. 1^.00. 

rrS USES in TOPOGEAPHIOAL SUEYEYING. From ih© 
P&|»efs of the U. 8. Ooast Survey. 

This work ^irefl a deaorijttieii of tke Plane Taible ^m/^ofok at ibe U. SL 
Coast Survey Office, and the maouMr of using U. 



Book on Shipbuilding. 

8vo. OMih. 16.00. 

METHOD OE CCMPAEIN<a^ THE LINES AND DEATTGST- 
ING VESSELS PROraJLLED BY SAIL OE STEAM, in- 
eluding a Chapter on Laying off on the Mould-Loft Floor. By 
S^inrBL M. PooK, Naval Constructor. 1 vol., 8vo. With illus- 
trations. Cloth. $5.00. 



Brunnow's Spherical Astronomy. 

SPHEEICAL ASTRONOMY. By E. Beuitkow, Ph. Dr. Trans- 
lated by the Author ixom. the Second German edition. 



Van Buren's Formulas. 

8yo. ClotlL $2.00. 

INVESTIGATIONS OF FOEMTJLAS, for the Strength of the 
Iron Farts of Steam Maohinery. By J. D. Yak Bu&en, Jr., C. E. 
Illustrated. 

This is an analytioal discussion of the fonnulsB employed by meohanical 
engineers in determining the rupturing or crippling pressure in the different 
parts of a machine. The formulse are founded upon the principle, that the 
different parts of a machine should be equally strong, and are developed in 
reference to the ultimate sfe^ngth of the matenAl fn order to leave the choica 
of a factor of safety to the judgment of the designer. -SiUlmarCa Jourryd, 



Joynson on Machine Gearing. 

8vo. Cloth. $2.00. 

THE MECHANIC'S AND STUDENT'S GUIDE in the Design- 
ing and Construction of General Machine Gearing, as Eccentrics, 
Screws, Toothed Wheels, etc., and the Drawing of Rectilineal 
and Curved Surfaces ; with Practical Rules and Details. Edited 
hy F&ANCis Herbebx Joynson. Illustrated with 18 folded 
plates. 

« The aim of this work is to be a gfuide to mechanics in the designing and 
oonstruction of general machine-gearing. This design it well fulfils, being 
plainly and sensibly written, and profoBely illustrated.*' — ^rt/day TtTnes, 



Barnard's Report, Paris Exposition, 

1867. 

Blustrated. 8yo. Cloth. $5.00. 

REPORT ON MACHINERY AND PROCESSES ON THE 
INDUSTRIAL ARTS AND APPARATUS OP THE EXACT 
SCIENCES. By F. A. P. Babnakd, LL.D.— Paris Uniyersal 
Exposition, 1867. 

" We haye in this Tolnme the results of Dr. Baznard's study of the Paris 
Exposition of 1867, in the foarm of an official Report of the Gk>veimment. It 
is the most exhaustiye treatise upon modem inyentions that has appeared 
nnoe the Uniyeml ExhibitioiL of 1851, and we doubt il anything equal to It 
has appeared this century.*'— </<m97uz2J|)p^^ Chemktry* 
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Engineering Facts and Figures. 

18mo. Cloth. $2.50 per YolnxLe. 

AN ANNUAL EEGISTEE OF PEOGRESS. IN MEOHANI- 
CAL ENGINEERING AND CONSTRUCTION, for the Years 
1863-64-65-66-67-^8. FuUy illustrated. 6 volumes. 

Each yolume sold separately-. 



Beckwith's Pottery. 

8to. Paper. 60 cents. 

OBSERVATIONS ON THE MATERIALS and Manufacture of 
Terra-Cotta, Stone- Ware, Fire-Briek, Porcelain and Encaustic 
Tiles, with Remarks on the Products exhibited at the London 
International Exhibition, 1871. By Arthue Beckwith, Civil 
Engineer. 

<< Everything is noticed in this book which comes under the head of Pot- 
tery^ from fine porcelain to ordinary brick, and aside from the interest which 
all take in such manufactures, the work will be of considerable value to 
followers of the ceramic art." — Emning Mail, 



Dodd's Dictionary of Mamifactnres, etc. 

12mo. Cloth. $2.00. 

DICTIONARY OF MANUFACTURES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By Gboege Dodd. 

This work, a small book on a great subject, treats, in alphabetical ar- 
rangement, of those numerous matters which come generally within the range 
of manufactures and the productiye arts. The raw materials — ^animal, vege- 
table, and mineral — ^whence the manufactured products are derived, are suc- 
cinctly noticed in connection with the processes which they undergo, but not 
as subjects of natural history. The operations of the Mine and the Mill, the 
Foundry and the Forg^, the Factory and the Workshop, are passed under re- 
view. The principal machines and engines, tools and apparatus, concerned in 
manufacturing processes, are briefly described. The scale on which our chief 
branches of national industry are oonducted,*in regard to values and quantities, 
is indicated in various ways. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8yo. niastrated. Cloth. $5.00. 

THE CIVIL AND MILITAEY ENGINEERS OF AMERICA. 
By General Cha^rles B. Stuabt, Author of " Naval Dry Docks 
of the United States," etc., etc. Embellished with nine finely 
executed portraits on steel of eminent engineers, and illustrated 
by engravings of some of the most important and original works 
constructed in America. 

Containing sketches of the Life and Works of Major Andrew Ellioott, 
James Geddes (with Portrait \ Benjamin Wright (with Portrait), Canvass 
White (with Portrait), David Stanhope Bates, Nathan S. Roberts, Gridley 
Bryant (with Portrait), General Joseph G. Swift, Jesse L Williams (with 
Portrait), Colonel William McBee, Samuel H. Kneass, Captain John Childe 
with Portrait), Frederick Harbach, Major David Bates Douglas (with Por- 
trait), Jonathan Knight, Benjamin H. Latrobe (with Portrait), Colonel Char- 
les EUet, Jr. vwith Portrait), Samuel Forrer, William Stuart Watson, John 
A. Roebling. 



Alexander's Dictionary of Weights, 

and Measures. 

8to. Cloth. $3.50. 

UNIVEESAL DICTIONABY OF WEIGHTS AND MEAS- 
URES, Ancient and Modem, reduced to the standards of the 
United "States of America. By J. H. Alexandke. New edition. 
1 vol. 

" As a standard work of reference, this book should be in erery library ; it 
is one which we have long wanted, and it will save much trouble and re- 
search." — ScierUific ATnerican, 



Blake's Ceramic Art. 

8vo. Cloth. $2.00. 

A EEPORT ON POTTERY, PORCELAIN, TILES, TERRA- 
COTTA, AND BRICK. By William P. Blake, United 
States Commissioner Internal Exhibition at Vienna, 1873. 
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Saeltzer's Acoustics. 

12mo. Cloth. $2.00. 

TREATISE ON ACOUSTICS in Connection with Ventilation. 
With a new theory based on an important discoTery, of facilitat- 
ing clear and intelligible Botmd in any building. By Alexabdek 

Saeltzek. 

'* A practical and very somid treatise on a subject of great importance to 
architects, and one to which there has hitherto been entirly too little attention 
paid. The author's theory is, that, by bestowing proper care upon thd point 
of Acoustics, the requisite ventilation will be obtained, and mce vena. — 
Brooklyn Union. 



Myer's Manual of Signals. 

New Edition, Enlarged. 

12ino. ^ Hates full Boan. $5.00. 

MANUAL OF SIGNALS, for the Use of Signal Officers in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlarged and illustrated. By Brig. -Gen. 
Albert J. Mteb, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the Bebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

18mo. Cloth. 11.00. 

CIPHER AND SEGKETT LETTER AND TELEGEAPHIC 
CODE, with Hogg's Improyements. The most perfect secret 
Code ever inyented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, and Dipto- 
matic Service, as well as for Brokers, Bankers, and Merchants. 
By C. S. Laebabee, the original inventor of the scheme. 
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Rice & Johnson^s Differential Func- 
tions. 

, Idmo. Cloth. 

ON A NEW METHOD OF OBTAINING THE DIITEB- 
ENTIALS OF FUNCTIONS, with especial reference to the 
Newtonian Conception of BateB or Velocities^ By J. Mikot 
Bice, Prof, of Mathematics in the U. S. Navy, and W. Wool 
BEY JoHKsoK, Prof, of Mathematics in St. John's College, 
Annapolis. 

Pickert and MetcalTs Art of Graining. 

1 vol. 4to. Cloth. $10.00. 

THE ART OF GRAINING. How Acquired and How Produced, 
with description of colors and their application. By Chajlles 
Pickert and Abbajhah Metcalf. Beautifully illustrated with 42 
tinted plates of the vaiious woods used in interior finishing. 
Tinted paper. 

The authors present here the restilt of long experience in the practice of 
this decorative art, and £eel confident that they herehy offer to their brother 
artisans a reliable guide to improyement in the practice of graining. 



Porter's Steam-Engine Indicator. 

Third Edition. Revised and Enlai^ged. 8vo. Illustrated. Cloth. $3.50. 

A TREATISE ON THE RICHARDS STEAM-EIfGINE 
INDICATOR, and the Development and Application of Force 
in the Steam-Engme. By Chaelbs T. Poeteb. 



One Law in Nature. 

12mo. Cloth. $1.50. 

ONE LAW IN NATURE. By Capt. H. M. Lazelle, U. S. A. 
A New Corpuscular Theory, comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitution, applied 
to the Physical Affections or Modes of Energy. 



Ernst's Manual of Military En- 
gineering. 

103 Wood Guts and 8 Lithographed Plates. 12mo. Cloth. $5.00. 

A MANUAL OP PEACTICAL MILITAKY ENGINEEE- 
ING. Prepared for the use of the Cadets of the U. S. Military 
Academy, and for Engineer Troops. By Capi 0. H. Ebnst, 
Corps of Engineers, Instruqtor in Practical Military Engi- 
neering, XT. S. Military Academy. 



OliTircli's Metallurgical Journey. 

24 lUaatrations. 8vo. Cloth. $2.00. 

NOTES OP A METALLUEGIOAL JOURNEY IN 
EUROPE. By John A. Chubch, Engineer of Mines. 



Blake's Precious Metals. 

8vo. Cloth. $2.00. 

REPORT UPON THE PRECIOUS METALS : Being Statisti- 
cal Notices of the principal Gold and Silyer producing regions 
of the World. Represented at the Paris Universal Exposi- 
tion. By William P. Blake, Commissioner from the State 
of California. 



Olevenger's Surveying. 

niustrated Pocket Form. Morocco Gilt. $2.50. 

A TREATISE ON THE METHOD OP GOVERNMENT 
SURVEYING, as prescribed by the United States Congress. 
and Commissioner of the General Land Office. With com- 
plete Mathematical, Astronomical and Practical Instructions, 
for the use of the United States Surveyors in the Field, and 
Students who contemplate engaging in the business of Public 
Land Surveying. By S. R. Clevengeb, U. S. Deputy Sur- 
veyor. 

** The reputation of the author as a Barveyor guarantees an exhaustive 
treatise on this subject." — Dakota Eegitier, 

** Surveyors have long needed a text-book of this description. — The Preu* 
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Bow on Bracing. 

156 niastratioixs on Stone. Svo. Cloth. $1.50. 

A TKEATISE ON BEACING, with its application to Bridges 
and other Structures of Wood or Iron, By Egbert Heijby 
Bow, C. E. 



Howard's Earthwork Mensuration. 

8vo. Illustrated. Cloth. |1.50. 

EAETHWOEK MENSUEATIOX ON THE BASIS OE 
THE PEISMOIDAL FOEMDL^. Containing simple and 
Isibor-saving method of obtaining Prismoidal Contents direct- 
ly from End Areas. Illustrated by Examples, and accom- 
panied by Plain Eules for practical uses. By Conway E, 
HowABD, Civil Engineer, Eichmond, Va. 



'* Major Howard has given in this book a simple, yet perfectly accurate 
method of ascertaining the solid contents of any prismoid. The calculation 
from end areas is corrected by tables weU arranged and few in number ; and he 
has all the accuracy of the prismoidal formulas with scarcely more trouble than 
in averaging end areas. 

H. D. WHITCOMB, 

Ofd^ Engineer Oheaapectke and Ohio B. B, 

E. T. D. MYERS, 

Ch^f Engineer Biehmond, Frederickeburg^ and PoUrniac B. iS.'* 



Mowbray's Tri-Nitro-Grlyoerine. 

8vo. Cloth. Illustrated. |3.00. 

TEI-NITEO-GLYCEEINE, as applied in the Hoosac Tunnel, 
and to Submarine Blasting, Torpedoes, Quarrying, etc. Being 
the result of six years' observation and practice during the 
manufacture of five hundred thousand pounds of this explo- 
sive. Mica Blasting Powder, Dynamites ; with an account of 
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the various Systems of Blasting by Electricity, Priming Com- 
pounds, Explosives, etc., etci By George M. Mowbbay, 
Operative Chemist, with thirteen illustrations, tables, and 
appendix. Third Edition. Ee-written. 



Wanklyn's Milk Analysis, 

12mo. Cl<3rl]ju fljOO* 

MILK ANALYSIS. A Practical Treatise on the Examination 
of Milk, and its Derivatives, Cream, Butter and Cheese. By 
J. Alfred Wakklyk, M. E. C. S. 



Toner's Dictionary of Elevations^ 

8vo. Paper, $3.00. Qoth, $3.75. 

■ 

DICTIONARY OP ELEVATIONS AND CLIMATIC REG- 
ISTER OF THE UNITED STATES. Containing, in addi^ 
tion to Elevations, the Latitude, Mean Annual Temperature, 
and the total Annual Rain Fall of many localities ; with a 
brief Introduction on the Orographic and Physical Peculiari- 
ties of North America. By J. M. Tonbe, M. D. 



. Sewers and Drains. 



(In Press.) 



SEWERS AND DRAINS FOR POPULOUS DISTRICTS. 
Embracing Rules and Formulas for the dimensions and con- 
struction of works of Sanitary Engineers. By Julius W. 
Adams, Chief Engineer of the Board of City Works, Brooklyn. 




SILVER MINING REGIONS OF COLORADO, with some 
account of the different Processes now being introduced for 
working the Gold Ores of that Territory. By J. P. Whitkbt. 
12mo. Paper. 25 cents. 



COLORADO: SCHEDULE OF ORES contributed by sundry 
persons to the Paris Universal Exposition of 1867, with some 
information about the Regicm and its Resources. By J. P. 
Whiikbt, CommisAioner from the Territory. Svo. Paper, with 
Maps. 25 cents. 

THE SILVER DISTRICTS OF NEVADA. With Map. Svo. 
Paper. 35 cents. 

ARIZONA : ITS RESOURCES AND PROSPECTS. By Hon. 
R. 0. McCoKMicK, Secretary of the Territory. With Map. Svo. 
Paper. 25 cents. 



MONTANA AS IT IS. Being a general description of its Re- 
sources, both Mineral and Agricultural; including a complete 
description of the face of tiiie country, its climate, etc. Illustrated 
with a Map of. the Territory, allowing the different Roads and 
the location of the different Mining Districts. To which is 
appended a complete Dictionary of The Snake Language, and 
also of the famous Chinnook Jai^n, with numerous critical and 
explanatory Notes. By Geanvillb Sttjabt. Svo. Paper. $2.00. 



RAILWAY GAUGES. A „ Review of the Theory of Narrow 
Gauges as applied to* Main Trunk lines of Railway. By Silas 
Sbymoije, Genl. Consulting Engineer. Svo. Paper. 50 cents. 



REPORT made to the President and Executive Board of the 
Texas Pacific Railroad. By Gen. G. P. Bubll, Chief Engineer. 
Svo. Paper. 75 cents. 
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Van Nostxand*s Science Series. 

It is the intention of tlie Publisher of this Series to issue them at inter- 
vals of about a month. They will be put up in a uniform, neat and attrae- 
tlTe form, 18mo, fancj boaids. The subjects will be of an eminentlj 
scientific character, and embrace as wide a range of topics as possible, all 
of the highest character. 

Pyloe, 60 Cents Each. 
1. 

CHIMNEYS FOft FUENACES, FIEE-PLACES, AND 
STEAM BOILEBS. By R Abkstrokg, G. E. 

8. 

STEAM BOILER EXPLOSIONS. By Zbkah Oolbubk. 

a. 
PRACTICAL DESIGNING OF RETAINING WALLS 
By Arthuk Jacob, A. B. With Illustrations. 

PROPORTIONS OP PINS USED IN BRIDGES. By 
Charles E. Bekder, C. E. With Illustrations. 

VENTILATION OF BUILDINGS. By W.F. Butler. With 

Illustrations. 

e. 

ON THE DESIGNING AND CONSTRUCTION OF STOR- 

AGE RESERVOIRS. By Arthur Jacob. With JUustra- 

tions. 

SURCHARGED AND DIFFERENT FORMS OF RETAIN- 
ING WALLS. By James S. Tate, C. E. 

A TREATISE ON THE COMPOUND ENGINE. By JoHX 
TuRNBULL. With Illustrations. 

^^ 0. 

FUEL. By C. William Siemens, to which is appended the value 
of ARTIFICIAL FUELS AS COMPARED WITH COAL. 
By John Wormald, 0. E. 

lO. 

COMPOUND ENGINES. Translated from the French of 

A. Mallet. Illustrated. 
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11. 
THEOEY OF ARCHES. By Prof. W. Allak, of the 
Washington and Lee College. Illustrated. 

12. 
A PRACTICAL THEORY OP VOUSSOIE ARCHES. By 
William Caik, C.E. Illustrated. 

IS. 
A PRACTICAL TREATISE ON THE GASES MET 
WITH m COAL-MINES. By the late J. J. Atkinson, 
Government Inspector of Mines for the County of Durham^ 

England. 

14. 

FRICTION OF AIR IN MINES. By J. J. Atkinson, 
author of ^* A Practical Treatise on the Gases met with in 
Coal-Mines.^' 

18. 

SKEW ARCHES. By Prof. E. W. Hyde, C.E. Illustrated 

with numerous engravings and three folded plates. 

16. 
A GRAPHIC METHOD FOR SOLVING CERTAIN AL- 
GEBRAIC EQUATIONS. By Prof. Geoegb L. Vose. 
With illustrations. 

17. 
WATER AND WATER SUPPLY. By Prof. W. H. Cor- 
FIELD, M.A., of the University College, London. 

18. 
SEWERAGE AND SEWAGE UTILIZATION. By Prof. 
W. H. CoRFiELD, M.A., of the University College, London. 

19. 
STRENGTH OF BEAMS UNDER TRANSVERSE 
LOADS. By Prof . W. Allan, author of "Theory of 
Arches." With illustrations. 

20. 
BRIDGE AND TUNNEL CENTRES. By John B. 
McMastebs, C. E. With illustrations. 



The Rebellion Record/ 

EDITED BY FRANK MOOEE. 
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There are very few men of ordinary intelligence, and possessing 
an ordinary share of interest in the war which for a long period so 
entirely engrossed the public attention, who have not very often 
desired to fix the date of some important battle, some change of 
commanders, or the issue of some noteworthy proclamation. There 
are fewer still who would not feel an interest in recurring to the 
vivid description of some important engagement by sea or land, in 
which mayhap a kinsman or Mend participated. 

The Eebellion' Eecobd has, as we believe, a claim to a very wide 
circulation on the following grounds : its accuracy, its impartiality, 
its completeness, its preservation of all the materials for a future 
lustory of the struggle, its connected diary, its valuable documents, 
its interesting collection of incidents, its garnering up the poetry 
called out by the war, and its unique character, as the only work of 
its kind. 

The Eebellion Eecobd has now become so firmly established as 
the standard authority of the war, that individuals in all depart- 
ments of the Army, Navy, and Government, are constantly refer- 
ring to it, for narratives of important events, and official reports 
unpublished elsewhere. 

This work is a compendinm of information, made up of special correspond- 
ence, official reports, and gleanings from the newspapers of both sections of 
the United States and of Europe. Of these latter, over fire hundred are used 
in its preparation. 
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